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IntrodMction 
INTRODUCTION 
AM fiingi occur over a wide range of agro-climatic conditions and are 
geographically ubiquitous. They form symbiotic relationships with roots of 
about 90% terrestrial plants in natural and agricultural ecosystems (Brundrett, 
2002). The AM association has been observed in 200 families of plants 
representing 1,000 genera and about 300,000 plant species (Bagyaraj, 1991). The 
AM fungi are included in the phylum Zygomycota, order Glomales (Redecker et 
al., 2000) but recently they have been placed into the phylum 'Glomeromycota' 
(Schussler et al., 2001). The Glomeromycota is divided into 4 orders, 8 families, 
10 genera and 150 species. The common genera are Glomus, Acaulospora, 
Gigaspora and Scutellospora (Schussler, 2005). They are characterized by the 
presence of extra radical mycelium branched haustoria-like structure within the 
cortical cells, termed arbuscules, and are the main site of nutrient transfer 
between the two symbiotic partners (Hock and Verma, 1995; Smith and Read, 
1997). Glomus species are the most diverse of the arbuscular mycorrhizal fungi 
and are found in many soils all over the world (Talavera et al, 2002). 
AM fungi colonize plant roots and penetrate into surrounding soil, 
extending the root depletion zone and the root system. They supply water and 
mineral nutrients from the soil to the plant while AM benefits from carbon 
compounds provided by the host plant (Smith and Read, 1997; Siddiqui et al., 
1999; Akhtar and Siddiqui, 2008). AM fungi are associated with improved 
growth of host plant species due to increased nutrient uptake, production of 
growth promoting substances, tolerance to drought, salinity and synergistic 
interactions with other beneficial microorganisms (Sreenivasa and Bagyaraj, 
1989). They have also been reported to reduce the infestation of root-knot 
nematodes on vegetable crops (Hussey and Roncadori, 1982; Shreenivasa et al, 
2007). 
Root-knot nematodes are prevalent in 90% of agricultural crops and are 
considered to be the number one problem. They cause high levels of economic 
loss in a multitude of agricultural crops worldwide. There are about 90 species at 
present in the genus Meloidogyne. M. incognita (Kofoid and White) Chitwood, 
M javanica (Treub) Chitwood, M. arenaria (Neal) Chitwood and M. hapla 
Chitwood are recognized as four major species oi Meloidogyne as they are most 
common and damaging (Taylor et al, 1982). These four species constitutes 
about 95 per cent of the total Meloidogyne population (Sasser and Carter, 1982). 
Root-knot nematodes {Meloidogyne spp.) are capable of severely damaging a 
wide range of crops, particularly vegetables, causing dramatic yield losses 
mainly in tropical and subtropical agriculture (Sikora and Fernandez, 2005). 
Among the susceptible crops, the most important are tomato, eggplant, papaya 
and cotton. Nematodes cause about 20.6% worldwide yield loss (Sasser, 1989). 
In India, yield losses of tomato due to root-knot nematode {Meloidogyne spp.) 
ranges from 39.7 to 46.0% (Bhatti and Jain, 1977; Reddy, 1985). 
Among various species of genus Meloidogyne, M. incognita and M. 
javanica are widespread and recognized as a damaging pathogen of tomato 
(Anwar et al, 1991; Jones et al, 1991; Fourie and McDonald, 2000) that causes 
yield losses ranging from 20-33% (Sasser, 1989; Kamran et al, 2010). In India, 
M javanica occupied second position in distribution. Khan and Khan (1990) 
found that M. javanica is a most frequent species in the western Uttar Pradesh. 
More than 50 per cent infestations have been recorded in vegetable fields with 
root-knot nematodes (Khan and Khan, 1996; Khan, 2007). It is the most wide 
spread and devastating species and about 29-50% yield reduction of tomato in 
the tropics is attributed to root-knot nematode (Udo, 2004). They cause 
formation of galls on roots of affected plants and this generally results in varied 
symptoms on the crops (Khan and Khan, 1987). 
Tomato (Lycopersicon esculentum Mill.) is an important vegetable crop 
worldwide. It is native to the Andes region of South America. In India, the 
estimated area and production of tomato are ~ 290279 ha and 4603446 t 
respectively (Sidhu, 1998). The fhiit is known to contain high levels of vitamins 
A, B and C (Janes, 1994). More than a hundred different pest species have been 
recorded worldwide on tomato crops (Peet, 2001). Some of the major ones, 
however, include nematodes, mites, aphids, moths, white flies, beetle and flies 
(Kessel, 2003). 
In recent decades, considerable research has been carried out for the 
management of these nematodes. But despite limited success achieved so far, 
biological control holds more promise than any other strategy of disease 
management. 
Antagonism of plant-parasitic nematodes by AM fungi has been reported 
by Hasan et al., 2003; Osman et al., 2005; Shreenivasa et al., 2007 and Zhang et 
al., 2008. This may be due to improved plant vigour, physiological alteration of 
root exudates or through direct role of mycorrhizae in retarding the development 
and reproduction of nematodes within the root tissues. 
Harnessing the usefulness of ecofriendly micro-organisms like AM fungi 
which has a great promise to enhance the sustainability of our agricultural 
systems. In the present study, an effort is made to establish a biocontrol system 
for the management of root-knot disease of tomato by exploiting AM fungi. 
Towards achieving this end, the study was conducted in the following manner : 
1. A survey was conducted at Bhaderwah of district Doda (J&K) to determine 
the AM fungal species colonizing various crops. 
2. These AM fungi were collected from the agricultural fields, muhiplied by 
single spore inoculation technique, and pure cultures were maintained 
under pot conditions. 
3. The AM fungi were screened for their relative efficiency in promoting the 
growth of tomato under glass-house conditions. 
4. The species found to be the most effective was tested for its biocontrol 
potential against Meloidogyne javanica on tomato var. Pusa Ruby. 
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REVIEW OF LITERATURE 
Arbuscular mycorrhizal fungi (AMF) as biofertilizer 
Much interest has been shown in recent past on the root-fungus 
association and the possible beneficial role of fungal mycelia which often mantle 
plant roots. This was brought about for the first time in 1842 and was called 
mycorrhizae by Frank (1885). The importance of AMF as a tool for improving 
the growth and productivity in diverse group of plants was recognized only after 
the work of Gerdemann (1968) and Mosse (1972). However, during last two 
decades a lot of information has been gathered about the taxonomy, ecology, 
physiology and anatomy of AM ftmgi and their relation with host especially with 
reference to uptake of phosphorus and also other minor nutrients, hormone 
production and root disease (Gianinazzi et al., 1982; Harley and Smith, 1983; 
Gianinazzi and Gianinazzi-Pearson, 1986; Grahm, 1988), 
Biological control implies total or partial destruction of a pathogen by any 
other organism except man. The term was introduced in scientific literature by 
G.F. Von Tabuef in 1914 (Baker, 1987). Interest in biological control first arose 
in 1920s and 1930s, when some plant pathogens were suppressed by introducing 
some antibiotics - producing microbes. A turning point for research on 
biological control of plant pathogens came after a gap of more than 30 years 
when in 1963 an International symposium on 'Ecology of Soilbome Plant 
Pathogens - Prelude to Biological control' was held in Berkely, USA. 
Biological control has proved to be more successful in rhizosphere than in 
phyllosphere. One reason for the limited success in phyllosphere is the 
pronounced fluctuation in environmental conditions in the phyllosphere, making 
it a highly stressed niche (Sharma, 1998). In rhizosphere also, the focus has been 
on the micro-organisms that occur there naturally. Even under natural 
conditions, these organisms provide frontline defense against pathogens. Some 
of these microorganisms only antagonize the pathogen, and have no direct 
influence on the host. Others served the dual purpose of promoting plant growth 
as well as antagonizing the pathogen. Among the latter, AM fungi and 
fluorescent pseudomonads have received considerable attention. 
AM Fungi: distribution and taxonomy 
The term 'mycorrhiza' was introduced by Frank (1885) which literally 
means 'fungus root'. Five main types of mycorrhiza have been recognized viz., 
Ectomycorrhiza, Arbuscular mycorrhiza (VA), Ericoid mycorrhiza. 
Orchidaceous mycorrhiza and Arbutoid mycorrhiza. Of the five major types of 
mycorrhiza, AM are geographically ubiquitous and occur over a broad 
ecological range. They have the widest host range and distribution of all the 
mycorrhizal associations. It is estimated that about 90 per cent of vascular plants 
normally establish mutualistic relationship with AM fungi. AM associations 
have been observed in 1,000 genera of plants belonging to 200 families. There 
are about 300,000 respective hosts in world flora (Kendrick and Berch, 1985), 
and there are about 120 common species of AM fungi (Schenck and Perez, 
1987). 
AM fungi develop association with nearly all cultivated plants whether 
they are agricultural, horticultural, or fruit crops. According to Gerdemann 
(1975) its easier to list plant families that donot form AM association than to list 
those that do. Families not forming arbuscular mycorrhizae include the Pinaceae, 
Betulaceae, Orchidaceae, Fumariaceae, Commelinaceae, Urticaceae and 
Ericaceae. Families that rarely form AM structures include the Brassicaceae, 
Chenopodiaceae, Polygonaceae and Cyperaceae. Important crops forming AM 
associations include wheat, maize, all millets, potatoes, beans, soyabeans, 
tomatoes, apples, oranges, grapes, banana, castor, tobacco, tea, coffee, cocoa, 
sugarcane, mango, asparagus, rubber, cardamom, pepper, etc. (Bagyaraj, 1991). 
Most of the tropical rainforest trees have arbuscular mycorrhizae (Janos, 1983). 
They are found in gymnosperms (Harley, 1969), pteridophytes (Copper, 1976) 
and bryophytes (Parke and Lindermab, 1980). They have been reported in 
floating (Bagyaraj et al, 1979) and submerged aquatic plants (Clayton and 
Bagyaraj, 1984). Though usually confined to roots, they have been reported in 
diverse structures such as modified leaves of water fern Salvinia eucullata 
(Bagyaraj et al, 1979), Suiting peg of peanut (Graw and Rehm, 1977) and 
modified scale like leaves and rhizomes of ginger and canna (Selvaraj et al, 
1986). 
One reason for this widespread occurrence of AM fungi is that they are 
not host specific. However, there are certain evidences of preferential association 
(Mosse, 1977). In addition to their widespread distribution throughout the plant 
kingdom, they are also geographically ubiquitous, and occur in plants growing in 
arcfic, temperate, and tropical regions (Mosse et al, 1981). In general, VAM 
population is more in cultivated soil compared to virgin soil (Mosse and Bowen, 
1968). They are mostly seen in top 15-30 cm of soil and their numbers decrease 
markedly below the top 15 cm of soil (Redhead, 1977). They are normally not 
found in depths beyond the normal root range of plants (Mosse et al, 1981). The 
distribution of species of AM fungi varies with climatic and edaphic 
environment as well as with land use. Sankaranarayan and Sundarbabu (2001) 
observed positive correlation between moisture level and AM development upto 
40 per cent. Thereafter, increase in moisture content has negative influence on 
AM development. They also observed decrease in AM colonization with 
increase in soil acidity. At pH level of 4, AM fungi failed to develop. Hasan et 
al. (2003) observed wide differences in AM colonization between different 
cropping seasons. Species of Glomus appear to be the most widely distributed. 
Gigaspora and Sclerocystis spp. are more common in tropical soils. Acaulospora 
seems to be better adapted to soil with pH < 5.0. In fact, certain AM fungi have 
been linked to particular kinds of soil (Kendrick and Berch, 1985). 
AM fimgi are presently included in the order Glomales of class 
Zygomycetes. This order includes the genera Glomus and Sclerocystis 
(Glomaceae); Acaulospora and Entrophospora (Acaulosporaceae) and 
Gigaspora and Scutellospora (Gigasporaceae) (Morton and Benney, 1990). 
Successful mycorrhizal formation depends on the presence of appropriate 
host, fungus and environment. Spores in the soil may germinate even in the 
absence of a suitable host, but usually in conditions that are also appropriate for 
plant seed germination and root growth (Powell, 1976; Daniel and Trappe, 
1980). In the absence of a receptive host, the cytoplasm may be retracted from 
the germ tube, leading to the resumption of a quiescent state (Mosse, 1981). 
Such spores may retain the capacity to germinate on several subsequent 
occasions. However, germinating hyphae, in some cases, can retain their 
infectivity upto four months, thereby greatly enhancing the probability of finding 
a suitable host (Rovira and Bowen, 1966). 
In interaction of fungus and plant may begin well before the hyphae and 
the root make physical contact. Germ tubes of Gigaspora gigantea were 
attracted through air towards roots of bean or com probably by volatile 
substances that were active over at least 10 mm (Koske, 1982). Germinating 
spores of Glomus mosseae liberated substances having the same kind of 
biological activity as gibberellins and cytokinins (Barea and Azcon-Aquilar, 
1982). The sparasity or lack of infection in families like Chenopodiaceae, 
Brassiceae, Caryophyllaceae etc. could be due to numerous reasons, ranging 
from a physical barrier of cell wall, to an absence of essential nutrients, to 
production of toxins by the plants. The case for lack of essential nutrients 
appears to be weak (Daniels and Trappe, 1980). However there are some 
evidences in favour of the toxin theory (Ocampo et al., 1980; Powell, 1982; 
Harinikumar and Bagyaraj, 1988). The occurrence of wide range of sulphur 
compounds in Brassiceae and of betalins in Chenopodiaceae, both of which have 
fungistatic activity, might be important (Bowen, 1987). 
The abundance and distribution of AM fungi have been studied by many 
workers (Anderson et al., 1984; Schmidt and Scow, 1986; Mohankumar et al., 
1988; Kim et al., 1989; Rao et al., 1989; Hussain et al., 1995). Plant cover AM 
spore abundance, plant species richness and number of AM fungi represented as 
spores were positively correlated with each other and with per cent organic 
matter (Anderson et al., 1984). Schmidt and Scow (1986) found that AM fungi 
were present to varying degrees in the roots of at least members of all plant 
communities studied. Mohankumar et al. (1988) reported that most plants 
harboured AM fungi and that soil temperature and moisture status influenced the 
infection. Out of 103 plant species (41 families) collected from two limestone 
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sites in Korean republic, 98 species were associated with AM fiingi (Kim et al., 
1989). All the 25 medicinal plants observed by Rao et al. (1989) harboured AM 
fungi in their root system. High AM fungal infection was found in the roots of 
14 hydrophytes studied by Hussain et al. (1995). 
A qualitative and quantitative distribution of AM spores in soil samples 
from NE Indian habitats, viz. Assam, Arunachal Pradesh, Manipur, Mizoram 
and Nagaland, has been studied by Venkataramanan et al. (1990). The highest 
numbers were observed in the plains of Assam, while hilly soils contained fewer 
spores, and those from Mizoram none. The most abundant species were 
Scutellospora nigra, Sclerocystis rubriformis and Glomus macrocarpus. 
Sulochana et al. (1990) reported a total of 11 AM fungi belonging to the genera 
Acaulospora, Glomus and Gigaspora associated in both kharief and rabi season 
with six sesame cultivars and the association and colonization being greater in 
the kharif season. The density and frequency of occurrence of AM fungi were 
found to be greater in autumn than in spring (Peng and Shen, 1990). 40 out of 43 
species of flowering plants examined by Kuhn et al. (1991) were heavily 
infected with AM fiingi. Reyes and Ferrera (1992) observed that AM 
colonization levels are higher on herbs than in shrubs. AM spores were found to 
be more intensive in the rhizosphere of non-legumes than in legumes (Bhardwaj 
et al., 1997). They also observed that soil pH, total soil P, available P, type of 
soil, soil moisture, and cropping season influenced the AM population in natural 
ecosystems. Significant correlation between AM fungi and soil pH moisture and 
P content has been observed by other workers also (Rani and Manoharachary, 
1994; Wetzel and Van-der-valls, 1996; Bhardwaj et al. 1997). AM colonization 
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was observed to be lowest during winter and highest during late summer and 
autumn by Payal et al. (1994). 
AM fungi benefits to the host 
Much interest has been shown in arbuscular mycorrhizal fungi in 
commercial agriculture (Ferguson, 1984; Schenk, 1985). The interest stemmed 
from the published evidence which indicate that mycorrhizal fungi, which form 
symbiotic association with plant roots promote plant growth and health 
(Gerdemann, 1968; Harley, 1969; Tinker, 1975; Howler et al, 1987; Lin-Xian 
and Hao, 1988; Raju et al, 1990). The use of AM fungi for crop productivity 
requires the selection of an efficient and appropriate fungus, this aspect has been 
assessed by many workers (Jensen, 1982; Krishna et al., 1985). The agricultural 
importance of AMF is mainly due to their ability to increase phosphate uptake 
and other major and minor nutrients of crop plants (Mosse et al, 1973). 
The main hurdle in exploiting beneficial effect of AM fungi for improved 
agricultural productivity is the obligate nature of the symbiont. They can not be 
grown and cultured in the absence of their host plants. Mass multiplication of 
these fungi is still difficult, thus making them available for wide use in the field 
is not possible. At present, the use of AM is confined to greenhouse and pot 
culture studies, and to a limited extent in plant propagation nurseries 
(Rangaswami, 1990). Field trials conducted in India indicated that AM 
inoculation increased crop-yield significantly in 50 per cent of the trials (Wani 
and Lee, 1992). Effect of AM fungi on various types of plants have been shown 
by various workers (Asif er al, 1995; Kehri and Chandra, 1990; Menge et al, 
1978; Plenchette etal, 1981; Ragupathy and Mahadeven, 1993; Muhammed and 
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Hussain, 1995). Dixon et al. (1997) observed that AM symbiont also increased 
drough tolerance of Prosopis plants in terms of maintaining and enhancing 
growth under water stress conditions. This study indicates the potential of AM to 
reduce partly/replace the fertilizer requirements of trees in degraded and semi-
arid sites. 
Various workers have reported increase in growth and yield on 
inoculation with AM fungi (Koch et al, 1997; Owusu and Mosse, 1979; Kuo 
and Haung, 1982; Khan, 1975; Luis and Brown, 1986). An 18 per cent increase 
in onion bulb production was observed by Powell and Bagyaraj (1982) on 
inoculation with AM fungi. Koch et al. (1997) observed that AM inoculated 
garlic plants were larger, had more green leaves and increased photosynthesis 
rate, especially at low light intensities, and higher fresh and dry weights than 
plants in uninoculated pots. Cereal growth was found to be promoted by AM 
fungi under field conditions. Phosphorus content in mycorrhizal root tissue of 
maize plants was increased 35 per cent by G. mosseae and 98 per cent by G. 
fasciculatum (BChan, 1975). Root infection by AM fungi significantly improved 
phosphorus uptake, translocation and its subsequent transfer in host plant 
(Shnyreva and Kulaev, 1994). A 41.5 per cent increase in yield of rice was 
observed on inoculation with Gigaspora gigantea (Sanni, 1976). AM rice 
varieties tested by Kehri and Chandra (1990) showed increased yield in response 
to AM inoculation. Inoculation with Glomus versiforme increased the dry weight 
of Sorghum by 10-20 per cent (Singh and Tilak, 1990). Pigeonpea plants 
inoculated with AM fungi had higher shoot and root dry weight and phosphate 
content (Manjunath and Bagyaraj, 1984; Ramraj and Shanmugam, 1990). Shoot 
and root dry weights were observed to be promoted on inoculation with Glomus 
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leptotrichum, G. macrocarpum, G. fasciculatum, Acaulosora laevis and 
Gigaspora margarita (Reddy and Bagyaraj, 1970). Ramraj and Shanmugam 
(1990) found Glomus etunicatum to be effective in increasing the shoot and root 
dry weight of cowpea. Kuo and Haung (1982) found highly significant increase 
(21 per cent) in grain yield of soybean with AM inoculation {Glomus spp.) in the 
stubble of newly harvested paddy rice. The result suggested that AMF 
inoculation might be important for the crops after paddy rice, where population 
of indigenous AM fiingi have been depleted under an aerobic soil conditions. 
Significant response of soybean to inoculation with AM firngi in phosphate 
deficient soil has been reported by Raverkar and Tilak (1988) and Ross (1970) 
shot dry weight was found to be significantly higher in blackgram inoculated 
' with G. fasciculatum, G. constricutm, G. versiforme and Acaulospora spp. 
(Umadevi and Sitaramaiah, 1990). 
Many workers have studied the utility of mycorrhizal application in 
horticultural crops (Menge et al, 1978; Onkarayya and Sukhada, 1993; 
Plenchette et al, 1981; Sharma and Bhutani, 1995; Hughes et al, 1978). All 
these workers have reported beneficial effects of inoculation with AM fiingi. 
Yield increase of 25 per cent/plant was observed in banana plants inoculated 
with G. mosseae and G. fasciculatum (Mohandas, 1995). G. mosseae inoculated 
jack fruit plants were found to have higher plant height and fresh weight 
(Sivaprasad e? a/., 1995). 
Beneficial effects of AM fungi have also been observed in non-host 
plants. Harinikumar et al. (1990) found that in sunflower, inoculation with 
Acaulospora laevis resulted in maximum plant height and shoot dry weight. 
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Charest et al. (1997) have suggested that establishment of AM-grass symbiosis 
could help in reducing fertilizer inputs. Soybean production was improved on 
inoculation with Glomus fasciculatum (Llbas and Sahin, 2005). 
Mycorrhizal fungi enhance the absorption of nutrients by increasing the 
total surface area of the roots. Mycorrhizal infection can improve the phosphorus 
nutrition of the host. Absorbed phosphorus is probably converted into 
polyphosphate granules in the external hyphae (Callow et al, 1978) and passed 
to the arbuscules for transfer to the host (White and Brown, 1979). This flow of 
phosphorus occurs in the presence of acid phosphates (Gianinazzi et al, 1979) 
during arbuscular life span (Cox and Tinker, 1976) or senescence (Kinden and 
Brown, 1975). The mycelial network in mycorrhizal plants enables them to 
extract phosphorus form places beyond the zone of low concentration around the 
roots (Jakobson et al., 1992). AMF also stimulate the plant uptake of zinc, 
copper, sulphur, potassium and calcium, although not as markedly as phosphorus 
(Cooper and Tinker, 1978). Mycorrhizal fungi trap organic and inorganic 
phosphorus sources in soil which are normally not available to non-mycorrhizal 
plants (Powell, 1979). Subtle changes occur in mycorrhizal roots and these 
changes may be of considerable consequences to host growth and nutrition. An 
increase in stele circumference induced by mycorrhizae would allow greater 
uptake and passage of water and nutrients to be vascular cylinder (Miller et al., 
1997). 
Mamatha and Bagyaraj (2002) studied the effect of different levels of 
VAM application on growth and nutrition of tomato under green house 
conditions. Different levels of G. fasciculatum tried (0, 0.5, 1.0, 1.5, 2.0 and 2.5 
15 
kg/m^ of nursery bed) improved the plant growth, biomass, P content, 
mycorrhizal root colonization. Further increase in inoculum level did not 
significantly improved seedling growth and nutrition. Mamatha and Bagyaraj 
(2003) in another experiment studied the effect of different methods of VAM 
inoculum application on growth and nutrient uptake of tomato seedlings grown 
in raised nursery beds. G. mosseae application resulted in increase of plant 
height, number of leaves, leaf areas, plant biomass, phosphorus content and per 
cent colonization. 
Yao et al. (2001) observed the external mycelium of Glomus versiforme 
mobilized sparingly soluble inorganic phosphates in red clover plants under 
stress conditions of low P. Chaoxing et al. (2006) studied the effects of different 
AM fungi strains inoculation on tomato growth and nutrient absorption during 
seedling stage. They found inoculated plants produced higher dry matter and 
showed higher nutrient uptake than uninoculated ones. G. mosseae strains 
showed higher infection rate than the others. 
Sheng et al. (2006) studied the influence of arbuscular mycorrhizae on 
photosynthesis and water status of maize plants under salt stress. Their results 
showed that G. mosseae alleviates the deleterious effect of salt stress on plant 
growth, through improving plant water status, chlorophyll concentration and 
photosynthetic capacity. 
VAM as biofertilizers 
The importance of AMF as tool, for improving the growth and 
productivity in diverse growth of plants was recognized only after the work of 
Gerdemann (1968) and Mosse (1973). However, during last two decades a lot of 
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information has been gathered about the taxonomy, ecology, physiology and 
anatomy of AM fungi and their relation with host especially in relation to uptake 
of phosphorus and also other mineral nutrients, hormone production and root 
disease (Gianinazzi et al., 1982; Harley and Smith, 1983; Gianinazzi and 
Gianinazzi Pearson, 1986; Grahm, 1988; Pinochet et al., 1996; Elsen et al., 
2003; Forge er al., 2001; Talavera et al., 2001, 2002; de la Pena et al., 2006). 
Attempts have been made to cultivate them in artificial culture media and use 
them in different plant production system (Gianinazzi et al., 1984; Hall, 1988; 
Gianinazzi et al., 1990). 
AM fungi are ubiquitous and have been recovered from the soils of a 
variety of habitats. In India, VAM fungi are very well distributed in cultivated 
than in non-cultivated soil. Mosse and Bowen (1968), Sparling and Tinker 
(1978), reported more number of spores in cultivated lands than non-cultivated 
land. Janardhanan et al. (1994) reported presence of VAM fungi from alkaline 
soil. 
Peng and Shen (1990) observed that spore density and frequency of 
occurrence of AM fungi are greater in autumn than on the spring. Payal et al. 
(1994) reported that AM colonization happens to be lower during winter and 
highest during late summer and autumn. Kuhn et al. (1991) reported that out of 
43 species of flowering plants examined, 40 are nearly associated with VAM 
fungi. Root colonization in vesicular arbuscular mycorrhizae ranged from 6 to 28 
per cent and total spore density ranged from 23-256 per 100 g soil. Level of AM 
colonization varies between the two crops from site to site and not related to soil 
properties (Talukdar and Germida, 1993) and species to species (Muthukumar et 
al., 1996). 
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Wu et al (2005) studied the effect of biofertilizer containing N, P and K 
solubilizers and AM fungi on maize growth. The identified biofertiizer as an 
alternative to chemical fertilizers to increase soil fertility and crop production in 
sustainable farming. They concluded that the use of biofertilizer resulted in the 
highest biomass and seedling height. This study also indicated that half the 
amount of biofertilizer application had similar effects when compared with 
organic fertilizer or chemical fertilizer treatments. 
Abdelhafez and Abdel-Monsief (2006) reported higher yield and NPK 
content in mycorrhizal cantaloupe and cucumber plants grown under the 85% 
water regime than those of the superphosphate amended plants grown with 100 
per cent water regime. 
Arbuscular mycorrhizas were found to improve plant zinc nutrition, 
specially under low soil zinc concentrations (Cavagnaro, 2008). 
Efficacy of mycorrhizal fungi in nematode control 
There are numerous reports of adverse impact of AM fungi on nematodes 
(Atilano et al, 1981; Hussey and Roncadori, 1952; Mac-Guidwin et al, 1985; 
Babu and Suguna, 2000; Jothi and Sundarababu, 2002; Elsen et al, 2008; 
Mukerji and Ciancio, 2007; Harrier and Watson, 2004)). In gram, cowpea and 
pigeonpea, low incidence of root-knot nematode in roots having high level of 
AM fungi was observed (Hasan and Jain, 1987). Presence of G. fasciculatum 
showed a profound adverse effect on cyst production and multiplication of 
Heterodera cajani (Jain and Sethi, 1987). Babu and Suguna (2000) observed 
higher fruit yield when Meloidogyne incognita infested tomato plants were 
treated with Glomus mosseae. An increase in growth parameters and nutrient 
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status of brinjal plants, and a decrease in M. incognita population, was observed 
with an increase in spore densities of G. mosseae and G. fasciculatum (Jothi and 
Sundarababu, 2000). Chlamydospores of AMF have been detected in the cyst of 
soybean cyst nematode, Heterodera glycines (Willox and Tribe, 1974). 
Population of M. incognita on tomato, chilli and lady finger {Abelmoschus 
esculentus) was found to be suppressed by the AM fungus, G. mosseae (Babu 
and Suguna, 1998). The AM fungus Glomus mosseae, Glomus versiforme and 
Gigaspora margarita inhibited the germination and development of M. 
incognita, decreased the number of second-stage juveniles in the root zone, egg 
mass diameter, number of eggs per egg mass, and number of eggs per gram root 
(Haiyan et al., 2002). However high population of endoparasitic nematodes and 
spores of endomycorrhizal fungi were found in a survey conducted by Hasan and 
Jain (1987) indicating that these nematodes do not effect the AM fiingi and vice-
versa. Glomus epigaeus didn't show any adverse effect on cyst production and 
multiplication of Heterodera cajani (Jain and Sethi, 1987). 
Plant parasitic nematodes and mycorrhizal fiingi are commonly found 
inhabiting the same soil and colonizing roots of their host plants. These two 
groups of micro-organism exert a characteristic, but opposite effect on plant 
health. The potential role of mycorrhizal fungi for the control of nematode 
diseases has received considerable attention (Osman et al, 1990; Ahmed and 
Alsayed, 1991; Sankaranarayanan and Sundarababu, 1994; Santhi and 
Sundarababu, 1995; Price e? a/., 1995). 
In several studies AM fungi has been found to show an antagonistic 
influence on population of plant parasitic nematode (Bagyaraj et al, 1979; Saleh 
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and Sikora, 1984; Cooper and Grandison, 1986; Sitaramaiah and Sikora, 1982; 
Carling et al., 1989; Sivaprasad et al., 1990; Rao et al, 1992; Sankaranarayanan 
and Sundarababu, 1994; Osman et al, 2005). Nematode susceptible plants 
colonized by AM fungi were better able to tolerate plant pathogenic nematode 
(Kellam and Schenck, 1980; Sitaramaiah and Sikora, 1982; Grandison and 
Cooper, 1986; Diederichs, 1987; Jain and Sethi, 1989; Osman et al, 1990; 
Sankaranarayanan and Sundarababu, 1994). As a result of interaction in general, 
the severity of nematode diseases was reduced in mycorrhizal plants. The 
antagonistic effects of AM fungi on nematodes may be either physical or 
physiological in nature. The nematode control may be through improved plant 
vigour, physiological alteration of root exudates or through direct role of 
mycorrhizae in retarding the development and reproduction of nematodes within 
root tissues. Sitaramaiah and Sikora (1980) observed that Glomus mosseae 
increased the resistance of tomato plants to Rotylenchulus reniformis infection. 
AM fungi can alter the physiology of roots, including root exudates which were 
responsible for chemotactic attraction of nematodes. Sikora (1978) suggested 
that attractiveness of the root system to M. incognita larvae was altered by the 
presence of G. mosseae. Sitaramaiah and Sikora (1982) expressed the other 
version of increasing resistance in tomato plants colonized by Glomus 
fasciculatum against Rotylenchus reniformis by delaying the nematode attack in 
roots and less formation of egg/egg sac. Glomus fasciculatum adversely affected 
R. reniformis during several phases of its life cycle. Investigation of Atilano et 
al. (1981), Cason et al. (1983), Roncadori and Hussey (1977), Healed et al. 
(1989) have suggested that increased nutrient uptake of mycorrhizal flingi 
enhances plant tolerance relative to detrimental effects on nematode. Similarly it 
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has been found that the presence of mycorrhizae increased the tolerance of plants 
to diseases (Chandra and Kehri, 1996). The increase of giant cells formed by 
mycorrhizal plants was significantly low in tomato plants, infected with root-
knot nematode M. incognita and mycorrhizal root did not prevent penetration by 
the nematode larvae (Suresh et al., 1985). 
Neog et al. (2007) in a study on different spore levels and time of 
inoculation of VAM fungus Glomus fasciculatum observed that inoculation was 
more effective in reducing number of galls, egg masses and final nematode 
population in soil and increasing plant growth parameters as compared to 
simultaneous inoculation of both VAM and nematode or inoculation of 
nematode 10 days prior to inoculation of VAM and the highest reduction was 
recorded when 300 spores were added 10 days prior to inoculation of nematode. 
Baghel et al. (1990) observed that Glomus mosseae stimulated the growth 
of Citrus jambhiri seedlings. The nematode Tylenchulus semipenetrans teased 
plant growth and simultaneous inoculation with AMP and nematode partly 
neutralized the adverse effect of the nematode, as the fungus was limiting the 
development of the nematode. 
Carling et al. (1995) studied the individual and combined effects of two 
arbuscular mycorrhizal fungi (AMF). Meloidogyne arenaria and phosphorus (P) 
fertilization (0, 25, 75 and 125.7 g/g soil) on peanut plant growth and yields in 
green house. Best growth and yields usually occurred at 75 and 12.5 g P 
regardless of inoculation treatment. In challenge inoculation, VAM increased 
peanut plant tolerance to the nematode and offset the growth reduction caused by 
M. arenaria at the two lower levels. 
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Cofcewicz et al. (2010) under greenhouse conditions studied the 
interaction of arbuscular mycorrhizal fungi Glomus etunicatum and Gigaspora 
margarita and root-knot nematode, Meloidogyne javanica and their effects on 
the growth and mineral nutrition of tomato. The result pointed out that the shoot 
dry matter yield was reduced by nematode infection and the reduction was less 
pronounced in plants colonized with G. etunicatum than plants colonized with G. 
margarita and non-mycorrhizal plants. The higher tolerance of plants colonized 
with G. etunicatum to M. javanica appeared to be associated with P nutrition. 
Similar results have also been observed by Pinochet et al. (1996). 
Inoculation of AM fungus {Glomus sp.) significantly reduced galling and 
nematode multiplication of root-knot nematode, M incognita in tomato, bean, 
chickpea, musa, peach (Sundarababu et al, 1993; Zombolin and Oliveira, 1986; 
Diederichs, 1987; Duponois and Cadet, 1994; Al-Raddad, 1995; Pinochet et al, 
1997; Siddiqui and Mahmood, 1997, 1998, 2001, 2000; Calvet et al, 2001; 
Elsen et al, 2002). 
Section I 
SECTION I 
The occurrence of arbuscular mycorrhizal fungi (AMF), 
characterization of soil, spore population of AMF in soil and root 
colonization of some commonly cultivated crops at Bhadenvah, 
District Doda (J&K) 
INTRODUCTION 
Agricultural fields of Bhaderwah (J&K) were surveyed from April to July 
2009 for quantitative and qualitative assessment of AM fungal colonization on 
some cultivated crops. Samples for this purpose were collected from four sites 
under field conditions. Four sites viz., Bhaderwah (A), Kotli (B), Bhalla (C) and 
Malni (D) having some commonly cultivated crops like chilli {Capsicum annum 
L.), cauliflower {Brassica oleracea), pea (Pisum sativum L.), bean (Phaseolus 
vulgaris L.), maize (Zea mays L.) and tomato (Lycopersicon esculentum Mill.) 
were selected for study. 
The soil of the experiment sites were sandy loam and the characteristics 
of the soil are given in the Table 1. The temperature of the sites ranges from 21.2 
to SO.S^ C while relative humidity from 42.1 to 65.4% in a calendar year. All the 
sites have narrow range of pH 7.7 to 8.0 and have satisfactory irrigation facilities 
with a soil moisture 5.2 to 9.4%. 
Materials and Methods: 
Soil sampling and root collection 
Sampling was done for each crop separately from the fields of cultivated 
crops at site A, B, C and D during the year 2009. 
Soil samples (soil cones of 5cm diam.) were collected at random from 
each soil with the help of soil auger upto a depth of 15 cm near the plant base. 
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Forty such samples were collected from each plant species and were thoroughly 
mixed to make a composite sample, seven samples of lOOg soils were used for 
recovery of spores. 
Seven root samples for each plant species were collected at random in 
order to assess root colonization of AM fungi. A representative sample of the 
entire root system was obtained from five different portions of the root system 
after washing by tap water. 
Soil characteristics 
The soil samples were brought to laboratory, marked and packed in 
polythene bags and their electric conductivity (EC) and pH were measured with 
EC meter and pH meter respectively in the extract collection from 1:1 soil/water 
suspension. The texture of soil in relation to particle size was determined by 
hydrometer method (Allen et al, 1974); total organic carbon by the method 
given by Walkey and Black (1934); total nitrogen by micro-Kjeldahl method 
(Nelson and Sommers, 1972) and total phosphorus by molybdenum blue method 
(Allen et al, 1974); and potassium by using flame photometer (Jackson, 1973). 
Quantitative estimation of spores from the soil 
Spores of AM fungi were isolated by wet sieving and decanting method 
(Gerdeman and Nicolson, 1963). For this a sample of lOOg dry soil was mixed in 
water (1000 ml) and the heavier particles were allowed to settle for few seconds. 
The liquid was poured through a coarse soil sieve to remove large piece of 
organic matter. The liquid passed through sieves of 80, 100, 150, 250 and 400 
mesh. Spores obtained on sieves were collected with water in separate beakers. 
The spores were counted in 1ml of the suspension in nematode counting dish 
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under the stereoscopic microscopic. The final number of spores/1 OOg of soil was 
calculated accordingly for each crop. 
Assessment of colonizatioii by AM fungi 
Clearing and staining (Phillips and Hayman, 1970) 
Roots were washed with tap water and cut it into 1cm long segments and 
then boiled in 10% KOH solution at 90 °C for 45 minutes. KOH solution was 
then poured off and roots were rinsed well in a beaker until no brown colour 
appeared in the rinsed water. Alkaline H2O2 which was used to bleach the roots 
was made by adding 3ml of NH4OH to 30ml of 10% H2O2 and 567ml of tap 
water. The roots were rinsed thoroughly at least three times using tap water to 
remove the H2O2. Roots were then treated with 0.05% trypan blue (in 
lactophenol) and kept for overnight for destaining in a solution, prepared with 
acetic acid (laboratory grade) - 875ml, glycerine - 63ml and distilled water -
63ml. 
The cellular contents were removed by this method and the AM fungal 
structures get stained dark blue. These stained root segments were used for 
determining the root colonization by AM fungi. 
Percentage of root colonization and per cent arbuscules were determined 
by slide method (Giovanetti and Mosse, 1980). The root segments were selected 
at random from the stained sample and mounted on microscopic slides in group 
of ten. One hundred to one hundred and fifty root segments from each samples 
were used for the assessment. The presence or absence of colonization in each 
root segment was recorded and per cent colonization was calculated as follows: 
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Number of mycorrhizal segments 
% AM association = x 100 
Total number of segments screened 
Isolated spores were identified with the help of keys provided by different 
workers (Trappe, 1982; Hall and Fish, 1979; Bakshi, 1974; Rani and Mukherji, 
1988; Srinivas et al, 1988). The data collected during this study were 
statistically analyzed in simple randomized design by the method of Panse and 
Sukhatme(1985). 
RESULT 
It was found that all the sites (A, B, C and D) have sandy loam soil and 
their composition is almost the same with pH ranging from 7.7 at site C to 8.0 at 
site D (Table 1). The electric conductivity was lowest at site A and highest at site 
B. Organic carbon content of the soil at site A was highest, followed by sites C, 
D and B. As far as the soil nutrient is concerned, nitrogen content was highest at 
site C while P ranged between 7.4 to 8.5 kg/ha highest being at site C. K content 
ranged from 93.4 to 99.0 with site D having the highest value. 
The data provided in table 2 indicates that the total spore number per 
lOOg of soil varied with the crop as well as with the four sites investigated. 
At site A, tomato showed the highest number of spores followed by pea, 
maize, cauliflower, brinjal, chilli and bean. The statistical analysis of the data 
clearly shows that the spore number varied significantly form one crop to 
another. 
At site B, the highest and lowest spore numbers were recorded in maize 
and cauliflower, respectively. The second highest number of spores was 
recorded in tomato followed by brinjal, chilli, bean and pea. The statistical 
analysis showed significant variation in the spore number among different crops. 
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At site C, the highest number of spores was recorded in cauliflower and 
lowest in pea. The statistical analysis, however, showed the spore number in the 
above crops did not vary to any significant level firom one another. 
At site D, although the general trend was same as in others, the highest 
and lowest spore number were recorded in maize and cauliflower. Chilli showed 
the second highest number followed by tomato, brinjal, pea and bean. 
The data provided in table 3, shows the spore number of Glomus 
fasciculatum varied at different sites in relation to different crops. 
At site A, the highest spore number was obtained in maize fields followed 
by tomato, cauliflower and bean. Pea fields recorded lowest number of spores. 
The spore number collected in chilli and brinjal showed a close proximity to 
each other. Site A showed minimum spore number as compared to other three 
sites. 
At site B, the highest number of spores were recorded in tomato. At this 
site the spore number of G. fasciculatum in crops like maize, pea and brinjal was 
significantly higher than others. While cauliflower, chilli and bean showed lesser 
number of spore as compared to other crops. 
At site C, the highest number of spore were found in bean field followed 
by pea, tomato, maize and chilli and were statistically significant to each other. 
Cauliflower and brinjal showed lesser number of spores as compared to other 
crops. 
At site D, the highest number of spores were recorded for maize field 
followed by chilli, tomato, pea, cauliflower and brinjal fields. Bean field showed 
lowest spore number. 
Table 2. Total spore counts at different sites under different crops. 
Crop Site A SiteB SiteC SiteD 
Maize 220 368 332 403 
Tomato 269 320 327 308 
Pea 231 244 270 292 
Bean 156 293 278 285 
Chilli 180 302 307 315 
Cauliflower 209 234 372 270 
Brinjal 189 315 318 307 
Table 3. Spore counts of Glomus fasciculatum at different sites under different crops. 
Crop Site A SiteB SiteC SiteD 
Maize 117 147 115 178 
Tomato 93 168 119 150 
Pea 36 144 168 126 
Bean 81 64 176 71 
Chilli 66 86 109 159 
Cauliflower 89 69 62 112 
Brinjal 50 110 54 94 
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The table 4 shows the spore population of Glomus mosseae at different 
sites under different crop cultivation. 
At site A, the lowest number of spores were obtained under beans 
cultivation and the highest were obtained under chilli cultivation followed by 
tomato, maize and pea. At this site cauliflower and brinjal were close to each 
other. 
At site B, the highest number of spores were recorded in maize followed 
by brinjal and bean and lowest number was recorded in pea. At this site, chilli 
and tomato recorded similar spore number followed by cauliflower. 
At site C, the highest number of spores was obtained under maize 
cultivation followed by cauliflower and brinjal. At this site tomato, chilli and 
bean were significant to each other. Pea showed the lowest number of spores. 
At site D, the lowest number of spores were recorded under chilli 
cultivation and the highest number were under brinjal cultivation followed by 
maize, tomato, pea, cauliflower and bean. 
The data in table 5 shows the level of spore occurrence of Glomus 
etunicatum in different crop fields. 
At site A, the highest recovery of spores was recorded from pea field 
while bean recorded lowest number. Under maize, tomato and brinjal 
cuhivation, the spore number remained almost at par to each other followed by 
cauliflower and chilli. 
At site B, the highest number of spores were recovered from maize field 
and the lowest number were obtained fi-om chilli field. The second highest spore 
Table 4. Spore counts of Glomus mosseae at different sites under different crops. 
Crop Site A SiteB SiteC SiteD 
Maize 76 162 142 130 
Tomato 119 115 75 123 
Pea 64 50 20 82 
Bean 37 91 61 63 
Chilli 129 115 67 44 
Cauliflower 48 88 109 74 
Brinjal 40 137 103 158 
Table 5. Spore counts of Glomus etunicatum at different sites under different crops. 
Crop Site A SiteB SiteC SiteD 
Maize 33 59 94 55 ^ 
Tomato 32 20 63 24 
Pea 34 22 24 39 
Bean 6 50 17 66 
Chilli 21 19 85 30 
Cauliflower 28 41 56 27 
Brinjal 32 26 0 22 
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number was recorded under bean cultivation followed by cauliflower, brinjal, 
pea and tomato. 
At site C, the highest number of spores were recorded under maize 
cultivation. Chilli showed the second highest spore number followed by tomato, 
cauliflower, pea and bean. No spores of G. etunicatum were recorded from 
brinjal field. 
At site D, the highest number of spores were found under bean cultivation 
which was followed by maize, pea, chilli, cauliflower and tomato with minor 
variations. The lowest number of spores were recovered from brinjal field. 
Table 6 gives the data of spore population of G. constrictum at different 
sites under different crops. 
At site A, the highest number of spores were obtained from maize field 
followed by chilli, pea, tomato and cauliflower. Bean recorded the lowest 
number of spores. While no spore was recorded from brinjal field. 
At site B, tomato field recorded the highest number of spores and 
cauliflower cultivation recorded the lowest. Second highest number of spores 
were found under bean cultivation followed by maize, chilli, brinjal and pea. 
At site C, the spore number happened to be the least under cauliflower 
cultivation. The highest number of spores were obtained under tomato followed 
by brinjal, pea and maize. Bean and chilli fields did not record any spore. 
At site D, the highest spore number was recorded under tomato 
cuhivation which is followed by cauliflower, pea, maize and brinjal. The least 
number of spores were obtained under bean cultivation. However, no spore was 
recorded from chilli field. 
Table 6. Spore counts of Glomus constrictum at different sites under different crops. 
Crop Site A SiteB SiteC SiteD 
Maize 52 29 7 40 
Tomato 22 41 68 59 
Pea 27 9 24 43 
Bean 13 30 0 10 
Chilli 50 27 0 0 
Cauliflower 19 6 2 57 
Brinjal 0 13 47 30 
Table 7. Spore counts of Glomus macrocarpum at different sites under different 
crops. 
Crop Site A SiteB SiteC SiteD 
Maize 50 54 64 43 
Tomato 46 60 21 0 
Pea 0 14 23 1 
Bean 7 28 16 37 
Chilli 0 40 41 42 
Cauliflower 40 0 0 0 
Brinjal 0 2 32 0 
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Table 7 shows spore population of Glomus macrocarpum at different sites 
under different crops. 
At site A, the highest number of spores were recorded under maize 
cultivation followed by tomato and cauliflower while the lowest number was 
obtained from bean field. No spores were obtained under brinjal, pea and chilli 
cultivations. 
At site B, the highest number of spores were recorded under tomato 
cuhivation, followed by maize, chilli, bean, pea and brinjal and were statistically 
significant to each other. No spore was recovered from cauliflower field. 
At site C, maize yielded the highest number of spores while the lowest 
number was found under bean cultivation. Chilli recorded second highest spore 
number followed by brinjal, pea and tomato. In cauliflower field, no spore of G. 
macrocarpum was observed. 
At site D, the highest number of spores were obtained under maize 
cultivation. Pea recorded the lowest spore number. At this site, chilli and bean 
spore numbers were significant than others. No spore was recovered from 
tomato, brinjal and cauliflower fields. 
The table 8 shows the number of spores of Gigaspora gigantea at 
different sites under different crops. 
At site A, the highest number of spores were recorded under tomato 
cultivation followed by cauliflower and pea. Maize recorded lowest number of 
spores. No spores were obtained under brinjal, bean and chilli cultivation. 
At site B, highest number of spores were recorded under maize 
cultivation followed by pea, tomato and chilli. Brinjal crop resulted lowest 
number of spores while no spore was recorded from cauliflower and bean fields. 
Table 8. Spore counts of Gigaspora gigantea at different sites under different crops. 
Crop Site A SiteB SiteC SiteD 
Maize 10 33 60 49 
Tomato 40 3 42 40 
Pea 28 5 11 1 
Bean 0 0 8 38 
Chilli 0 2 0 30 
Cauliflower 38 0 2 0 
Brinjal 0 1 56 0 
Table 9. Mycorrhization at different sites under different crops. 
Crop Site A SiteB SiteC SiteD 
Maize 78 87 90 94 
Tomato 74 84 85 89 
Pea 73 69 66 75 
Bean 58 74 68 71 
Chilli 64 77 72 82 
Cauliflower 68 65 79 67 
Brinjal 63 81 76 81 
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At site C, the highest number of spores were recorded under maize 
cultivation followed by brinjal, tomato, pea and bean. Cauliflower showed the 
lowest spore number. Chilli did not record any spore. 
At site D, the highest spores were obtained under maize cuhivation 
followed by tomato, bean and chilli. Least spores were recovered from pea field 
and no spores were obtained from brinjal and cauliflower fleld. The total spore 
number of Gigaspora gigantea was quite less at all the four sites as compared to 
other species. 
Table 9 shows the per cent colonization of AM ftingi at different sites 
under different crops. A glance at the data clearly indicates that the percentage 
colonization occurred to the maximum extend under maize cultivation at all the 
sites yielding an average of 87%. In tomato, the colonization percentage 
recorded at second highest level at all the four sites with an average of 83% 
followed by brinjal with an average of 75.25%. Almost similar percentage of 
colonization was recorded from chilli, pea and cauliflower. In bean, per cent 
colonization happened to be lowest with an average of 67.75%. the per cent 
colonization in different crops followed the following descending order viz. 
maize, tomato, brinjal, chilli, cauliflower, pea and bean. It was also evident from 
the data given in the table 9, that the percent colonization differ widely at 
different sites under all the crops surveyed depending on the soil conditions and 
environmental factors. 
DISCUSSION 
The result obtained in the present study show that all the crops 
investigated are mycorrhizal in nature, a reported by Mosse (1976) and all the 
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crops are colonized by AM fiingi to a great extent (Table 2-8). It is evident 
further from the data that although the total number of spores happened to be 
highest under maize cultivation, the detailed analysis of spore number of the 
individual AM fungal species clearly indicates that they have their own 
preference to the crop and none of the species investigated has any specificity to 
any particular crop. 
In the present study, it has been observed that all the crops investigated 
are colonized by the different species of AM fungi extensively showing the 
direct relationship with spore number prevailing at the site. The data obtained in 
the present study further indicates that the AM fungal species prefer maize and 
tomato to a greater extent compared to other crops investigated. 
A multiple infection has been observed at all the four sites in the present 
study. Diversity of spore types has been found to be very high and AM fungal 
chlamydospores are quite common in all the samples. Results of similar kind 
have been reported by Khalil et al. (1992), Mosse (1973) and Hayman and 
Stovold (1979). In the present study, the spores of two genera of AM fungi, 
Glomus and Gigaspora have been found predominant in all the samples 
collected from all sites. It has been further found that colonization varies to 
different levels at different sites. 
AM fungi are wide spread in occurrence and due to their potential for 
crop improvement they have been investigated extensively (Mukerji, 1995; 
Mukerji and Dixon, 1992; Powell and Bagyaraj, 1982). Natural occurrence and 
predominance of Glomus and Gigaspora in the cultivated soils at all the four 
sites indicates that there is a need of maintaining them in cultivated soils through 
proper management. They may be utilized as biofertilizer and also as biocontrol 
agents. 
Section II 
SECTION II 
Screening of arbuscular mycorrhizal fungi (AMF) for the selection of 
the most efficient AMF inoculant for tomato var. Pusa Ruby 
INTRODUCTION 
Though association with AM fungi is known to improve nutrient uptake 
by plants and resistance for tolerance to drought and root pathogens (Singh, 
1994; Mosse, 1973; Powell et al, 1980; Mahmood and Rizvi, 2010; Gosling et 
al, 2006; Ryan and Graham, 2002). AM fungi vary in their physiological 
interaction with different hosts and hence the efficiency of the association 
depends both on the plant species as well as the AM fungus (Powell et al, 
1980). Thus AMF differ in their ability to promote the growth of a particular 
host (Carling and Brown, 1980; Krishna and Dart, 1984; Haripriya and 
Sekharan, 2002). This has led to the introduction of the concept of 'efficient' or 
'effective strains' (Abbott and Robson, 1981). Generally, those fungi that infest 
and colonize the root system more rapidly are considered efficient (Munns and 
Mosse, 1980). The usefulness of mycorrhizae is especially appropriate in the 
development of sustainable systems of agriculture (Mosse, 1986) so as to 
produce the desirable effect of improving plant grovv1;h and inducing resistance 
to pathogen in given environment conditions (Bali et al, 1987). The information 
to select efficient AM fungi for inoculating tomato var. Pusa Ruby to achieve 
better growth and drought resistance is still meagre. Hence, there is a need to 
identify specific host endomycorrhizal associations and to define conditions 
under which these associations function efficiently. The present study is a step 
towards the identification of efficient AM fiingi for tomato crop. 
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MATERIALS AND METHODS 
Production of AM fungal inoculum * 
Collection of soil sample 
Morphologically different types of spores recovered form the rhizosphere 
soils were collected separately. In order to collect spores of AM fungi from each 
site, fifty soil samples were collected fi"om the crop fields with the help of soil 
auger upto a depth of 15cm from the rhizosphere of the plants. 
Isolation of spores 
Spores of AM ftingi present in soil samples were isolated by wet sieving 
and decanting method (Gerdemann and Nicolson, 1963). Each sample of lOOg 
dry soil was taken in 1000ml of water, thoroughly shaken and left for a minute to 
let the heavier particles settle down. The soil solution was first passed through 
coarse sieve and then decanted on to a series of sieves of varied pore size i.e. 80, 
150, 250 and 300 mesh. The spores obtained on sieves were collected with water 
in separate beakers. The spore suspensions were repeatedly washed with 
Ringer's solution (NaCl 6gU\ KCl 0.1 gL'^  and CaClj 0.1 gL"' in distilled water 
of pH 7.4) in order to remove the adherent soil particles fi-om the spores. The 
following species were found to be of common occurrence in the agricultural 
fields. 
Glomus fasciculatum 
Glomus mosseae 
Glomus etunicatum 
Glomus constrictum 
Glomus macrocarpum 
Gigaspora gigantea 
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The spores of AM fungi were identified under a dissecting microscope 
with the help of synoptic keys suggested by Trappe (1982). The spores of AM 
fungal species were separated by picking and used for pot culture. Spores were 
separated with a microspatula and picked up by a Pasteur pipette fitted with a 
rubber bulb. These tools were surface sterilized for 2 minutes in a solution 
containing chloramine T-20gr\ streptomycin SOOmgl"' and Tween 80 in trace 
amount/litre of distilled water. 
Maintenance of AM fungal culture 
Pure culture of six AM fungi viz., Glomus fasciculatum, Glomus 
mosseae, Glomus etunicatum, Glomus constrictum, Glomus macrocarpum, 
Gigaspora gigantea collected during the survey (Section-I) were raised on 
Rhode's grass {Chloris gayana Kunth) grown in pots under glasshouse 
conditions. To raise Rhode's grass, seeds were surface sterilized with 0.1% 
solution of mercuric chloride (HgCli) and sown (5 seeds per pot) in 9cm 
diameter clay pots, containing sterilized soil (66% sand, 24% silt, 8% clay, OM 
2%, pH 7.5). Fifty spores of each AM fungal species per pot were layered at 6 
and 2cm depths in 50 clay pots. Thinning was done so as to maintain one 
seedling per pot. After 125 days, the plants were uprooted and the spores were 
isolated by wet sieving and decanting method from the pot soil and the roots 
were stained and examined for AM colonization. The spores, hyphal fragments 
and small plant root segments were then used for further experiments. The 
population of different AM fungi in the inoculum was assessed by the most 
probable number method (Porter, 1979). 
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Inoculation of AM fungus 
In order to select efficient AM inoculant for tomato, the AM fungi 
recovered from agricultural fields were evaluated for their efficiency in 
improving the performance of the crop (tomato var. Pusa Ruby). The following 
AM fungi were used in this experiment Glomus fasciculatum, G. mosseae, G. 
etunicatum, G. constrictum, G. macrocarpum and Gigaspora gigantea. 
Seedlings of tomato (Lycopersicon esculentum Mill.) cv. Pusa Ruby were 
raised in clay pots (25cm diam.) from seed surface sterilized with 0.01% 
mercuric chloride. The surface sterilized seeds were sown in the pots filled with 
autoclaved sandy loam soil (66% sand, 24% silt, 8% clay, 2% OM, pH 7.7) and 
orie-week-old seedling were transplanted in 15cm pots. In each pot filled with 
920g sterilized soil, 80g soil with AM inoculum was added later to make the 
amount of soil 1 kg/pot. Before transplantation of seedlings, the mycorrhizal 
inoculum of different AM fungi was separately placed below the seedling by the 
layering method (Menge et al, 1977). The inoculum was spread as a layer at a 
depth of 3-5cm in the pot at the time of planting. The seedlings were recovered 
with a layer of soil to ensure the development of an efficient host fungus 
association. The inoculum consisted of a mixture of infected root segments and 
soil with extrametrical hyphae and spore (1000 spores/pot) from cultures of 
different AM fungi maintained on Rhode's grass, as described earlier. For each 
treatment, 15 replicates were maintained. A control series was also maintained 
where no inoculum of AM fungi was added to the soil. Pots were watered 
appropriately and maintained in a glasshouse bench with air temperature ranging 
from 30±2 °C. 
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The plants were examined 60 days after the transplantation for 
determining the plant growth and mycorrhization of the plants. The samples of 
the roots and soil were processed as described earlier in Section-I. 
Mycorrhization was recorded in terms of mycorrhizal intensity in roots i.e. 
external colonization percentage, internal colonization percentage, per cent 
arbuscules, average number of chlamydospores in 1cm root segment and number 
of spores recovered from lOOg dry rhizosphere soil. All the data related to 
growth of shoots and roots, root infection, spore population were analyzed 
statistically by the method of Panse and Sukhatme (1985). Minimum difference 
required for significance (L.S.D.) at 5% level was calculated by the ANOVA 
model. 
The performance of the crop raised with added inoculum of selected AM 
fungal species was compared with that of control and the AM fungus causing 
maximum improvement in the performance over control was selected as efficient 
AM inoculant for the tomato var. Pusa Ruby. 
Parameters studied 
During experimentation the following parameters were determined for 
each treatment of the experiments at different growth periods: 
Shoot and root length; 
Fresh and dry weight of shoot and root; 
Mycorrhization in terms of external and internal colonization percentage, per 
cent arbuscules, average number of spores in 1cm root segment and number of 
spores recovered from lOOg dry rhizosphere soil. 
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Plant growth parameters 
Length, fresh weight as well as dry weight of shoots and roots were 
recorded for each treatment. Plants of each treatment were taken out from the 
pots and soil particles adhering to roots were removed by washing in tap water 
and properly labelled. In the laboratory, shoot and root length were measured 
with a measuring tape and fresh weight of shoot and root were determined with 
the help of physical balance. For determining dry weights of root and shoot, 
plants from each treatment were wrapped in blotting paper sheets, labelled and 
dried in a hot air oven running at 60°C for 24-48 h before weighing. 
Root colonization and spore estimation 
At the termination of the experiment, root colonization in terms of 
external and internal colonization percentage, per cent arbuscules, average 
number of spores in 1cm root segment and estimation of spores (in lOOg 
rhizosphere soil) in the same soil samples were used for assessment of the root 
colonization, as described in the Section-I. 
RESULTS 
Plant length 
The effect of different AM fiingi on plant length was examined in terms 
of shoot, root and total length of the tomato plants. Maximum enhancement in 
shoot length was caused by G. fasciculatum (48.3%) followed by G. mosseae 
(38.6%) and G. constrictum (29.7%). Inoculation with G. etunicatum also 
resulted in increased shoot length, but it was significantly less than that caused 
by the above four species of Glomus. G. macrocarpum and Gigaspora gigantea 
failed to cause a significant increase in shoot length (Table 10). 
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As compared to the uninoculated control, G. fasciculatum, G. mosseae, G. 
constrictum, G. etunicatum and G. macrocarpum resulted in significantly higher 
root length. However, Gigaspora gigantea failed to cause any significant 
increase in root length (Table 10). 
Maximum enhancement in plant length was observed in plants inoculated 
with G. fasciculatum (49.6%). G. mosseae and G. constrictum caused similar 
increase in plant length, but was lesser than that caused by G. fasciculatum. They 
were followed by G. etunicatum. Length of plants inoculated with G. 
macrocarpum and G. gigantea did not differ significantly from the uninoculated 
control (Table 10). 
Fresh weight 
Inoculation of plants with different AM species caused a significant 
increase in shoot fresh weight as compared to the uninoculated control. 
Maximum enhancement in shoot fresh weight was caused by G. fasciculatum 
(47.8%). Inoculation with G. mosseae, G. etunicatum and G. macrocarpum also 
resulted in significantly higher shoot fresh weight. Only Gigaspora gigantea 
failed to cause any significant increase in root fresh weight (Table 11). 
Inoculation with G. mosseae, G. constrictum, G. etunicatum and G. 
macrocarpum caused significant increase in root fresh weight. Maximum 
increase was, however, observed in plants inoculated with G. fasciculatum 
(70.1%). 
Inoculation of plants with different AM species caused a significant increase in 
plant fresh weight compared to uninoculated control. Maximum enhancement 
was caused by G. fasciculatum (53.1%), G. mosseae and G. constrictum caused 
Table 10. Effect of different arbuscular mycorrhizal (AM) fungi on shoot, root and 
plant length of tomato var. Pusa Ruby. 
Treatments Shoot length (cm) Root length (cm) Plant length (cm) 
Control 37.0±1.85 18.8±0.94 55.8±2.79 
G. fasciculatum 54.9±2.75 28.6±1.43 83.5±4.18 
G. mosseae 51.3±2.57 26.2±1.31 77.5±3.88 
G. constrictum 48.0±2.40 24.9±1.25 72.9±3.64 
G. etunicatum 41.2±2.06 22.4±1.12 63.6±3.18 
G. macrocarpum 38.0±1.90 21.5±1.07 59.5±2.98 
G. gigantea 37.8±1.89 20.3±1.01 58.1±2.90 
L.S.D. at 5% 4.06 2.14 6.20 
Data mean± S.D. oft Tree replicates. 
Table 11. Effect of different arbuscular mycorrhizal (AM) fungi on shoot, root and 
plant fresh weight of tomato var. Pusa Ruby. 
Treatments Shoot fresh 
wt.(gm) 
Root fresh wt. 
(gm) 
Plant fresh wt. 
(gm) 
Control 27.8±1.39 8.7±0.44 36.5±1.83 
G. fasciculatum 41.1±2.06 14.8±0.74 55.9±2.80 
G. mosseae 37.4±1.87 12.4±0.62 49.8±2.49 
G. constrictum 35.1±1.75 11.5±0.57 46.6±2.33 
G. etunicatum 33.1±1.65 10.6±0.53 43.7±2.18 
G. macrocarpum 32.6±1.63 10.0±0.50 42.6±2.13 
G. gigantea 30.8±1.54 9.0±0.45 39.8±1.99 
L.S.D. at 5% 3.11 1.03 4.14 
Data mean ± S.D. oft Iree replicates. 
Table 12. Effect of different arbuscular mycorrhizal (AM) fungi on shoot, root and 
plant dry weight of tomato var. Pusa Ruby. 
Treatments Shoot dry wt.(gm) Root dry wt. (gm) Plant dry wt. (gm) 
Control 9.4±0.47 1.7±0.08 11.1±0.56 
G. fasciculatum 14.2±0.71 4.1±0.21 18.3±0.91 
G. mosseae 12.6±0.63 3.8±0.19 16.8±0.74 
G. constrictum 11.8±0.59 3.1±0.16 14.2±0.81 
G. etunicatum 11.0±0.55 2.6±0.13 13.6±0.68 
G. macrocarpum 10.7±0.54 2.2±0.11 12.9±0.64 
G. gigantea 10.0±0.50 2.0±0.10 12.0±0.60 
L.S.D. at 5% 1.05 0.27 1.31 
Data mean ± S.D. of three replicates 
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almost a similar increase in plant fresh weight. G. etunicatum and G. 
macrocarpum resulted in significant increase in plant fresh weight, but it was 
less than that in plants inoculated with G. mosseae and G. constrictum. 
Gigaspora gigantea failed to cause any significant increase in total fresh weight 
of plant (Table 11). 
Dry weight 
Increase in shoot dry weight was observed with G. fasciculatum (51,06%) 
followed by G. mosseae, G. constrictum, G. etunicatum and G. macrocarpum. 
Gigaspora gigantea failed to increase shoot dry weight significantly (Table 12). 
All species of AM fungi caused a significant increase in root dry weight 
(Table 12). 
Maximum enhancement in plant dry weight was caused by G. 
fasciculatum (64.8%) followed by G. mosseae and G. constrictum. G. 
etunicatum, G. macrocarpum and Gigaspora gigantea inoculation resulted in 
plant dry weight statistically similar to the uninoculated control (Table 12). 
Mycorrhization 
Five parameters (as given in Table 13) were used for estimating 
mycorrhization. 
The number of chlamydospores per cm root segment showed wide 
variation among different species. Lowest chlamydospore levels were observed 
in plants inoculated with Gigaspora gigantea, G. macrocarpum and G. 
etunicatum. Highest values were observed for G. fasciculatum followed by G. 
mosseae and G. constrictum. 
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Internal colonization percentage was highest in G. fasciculatum and 
lowest in G. gigantea inoculated plants. Inoculation with other AM species 
showed internal colonization values intermediate between these two. Similar 
trend was observed for per cent arbuscules. External colonization values and the 
number of chlamydospores/lOOg rhizosphere soil was highest in G. fasciculatum 
inoculated plants. Inoculation with other species resulted in lower values for 
these parameters. 
DISCUSSION 
The usefulness of AM fungi is demonstrated by the enhanced value of 
plant growth parameters. Enhanced plant growth and yield resulting from the use 
of AM fungi has been reported by many workers (Jothi and Sundarababu, 2000; 
Gerdemann, 1968; Tinker, 1975; Raju et al, 1990; Borde et al, 2009; Gazey et 
al., 2004). Fresh and dry weights of AM fungi inoculated plants were observed 
higher, compared to the control. Enhanced root and shoot dry weights in 
mycorrhizal plants have been reported by many workers (Reddy and Bagyaraj, 
1990; Manjunath and Bagyaraj, 1984; Ramraj and Shanmugam, 1990; Akhtar 
and Siddiqui, 2010; Wu and Xia, 2006). AM fungi differ considerably in their 
ability to promote plant growth. Various workers have reported similar variation 
in the growth promoting efficiency of different AM fungi (Carling and Brown, 
1980; Krishna and Dart, 1984). Better plant growth in AM infected plants could 
be due to enhanced nutrient contents of the plant. AM fungi also enhance the 
concentration of different organic compounds in roots and can improve the 
productivity of host plants (Selvaraj et al, 1995). 
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Differential ability of AM fungi in promoting plant growth has been 
reported by many other workers (Haripriya and Sekharan, 2002; Estaum et al., 
2003). Glomus fasciculatum was found to be the most effective AM fungus in 
enhancing the growth of tomato var. Pusa Ruby under glass house conditions. 
Sundaram and Arangarasum (1995) also reported that out of four cultures of AM 
fungi, Glomus fasciculatum gave the highest fruit yield in tomato plants. Ramraj 
and Shanmugan (1990) have come across G. etunicatum to be more effective in 
increasing the shoot dry weight of cowpea. A significant response of soybean to 
AM fungi in phosphorus deficient soil has been reported by Raverkar and Tilak 
(1988) and Ross (1970). Similar results have been obtained in cassava by 
Sulochana et al. (1995) and in chickpea by Singh and Verma (1987) where G. 
fasciculatum and G. etunicatum proved to be most effective ones in their 
respective crops. G. fasciculatum inoculated plants showed higher values of 
mycorrhization parameters compared to other AM species. Similar results 
showing differential colonization of the same host by different species have been 
reported by Haripriya and Sriramachandrasekharan (2002). 
In the present study, it has been found that G. fasciculatum supports the 
highest plant growth in terms of length and biomass of plant at maturity. 
Biomass production, mycorrhizal colonization and sporulation have also been 
found to be significantly higher in the G. fasciculatum inoculated plants 
compared to other 5 AM species. It could be, therefore, designated as the 
potential AM inoculant for tomato var. Pusa Ruby for successful plant growth 
and yield. 
Section III 
SECTION III 
Effect of AM fungus, Glomus fascictdatum and root-knot nematode, 
Meloidogyne javanica on growth and development of tomato 
INTRODUCTION 
A variety of micro-organisms exist in the rhizosphere and rhizoplane of 
plants. AM fungi are among the most commonly occurring mutualistic 
rhizosphere micro-organisms. They are associated with all the cultivated crop 
plants and can significantly increase the nutrient uptake (Hayman, 1982, Mosse, 
1975 and Widada et al., 2002). Nematodes are one of the most destructive class 
of harmful rhizosphere micro-organisms. Simultaneous colonization and 
infection of roots by different microbes inevitably leads to interference in each 
other activities (Linderman, 1985). When present in the rhizosphere of the same 
plant, in association with the same root tissue, AM fungi and nematodes exert 
characteristic but opposite effect on the plant. The interaction between AM fungi 
and plant parasitic nematodes has been studied by several workers (Fox and 
Spasoff, 1972; Sikora and Schoenbeck, 1975; Bagyaraj et al, 1979; Hussey and 
Roncadori, 1982 and Babu and Suguna, 2000). 
Numerous workers have shown that association with AM fungi generally 
induces tolerance to nematode in susceptible plants (Heald et al, 1989; Cooper 
and Grandison, 1987; Lingaraju and Goswami, 1993; Haiyen et al, 2002 and 
Talavera, 2001). AM fungi are also known to mitigate the adverse effects of 
plant parasitic nematodes on plant growth (Sikora, 1979; Jain and Sethi, 1987; 
Elsen et al.,2008; Mukerji and Ciancio, 2007; Harrier and Watson, 2004). 
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MATERIAL AND METHOD 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30cm dia.) 
from seed surface sterilized with 0.01% mercuric chloride. The surface sterilized 
seeds were sown in the pots filled with autoclaved sandy loam soil 66% sand, 
24% silt, 8% clay and 2% OM of pH 7.7. 
Root-knot nematode culture 
In this study root-knot nematode, Meloidogyne javanica was used. Field 
population of M. javanica were collected from tomato and eggplant {Solarium 
melongena L.), species of root-knot nematode infecting roots of tomato or 
eggplant in fields were tentatively identified on the basis of the characteristics of 
perennial pattern of the females. Roots infected with M. javanica were chopped 
and added to the pots containing sterilized field soil and the tomato plants raised 
earlier as mentioned (3 weeks old) were transplanted. After 50 days, single egg 
mass culture of the nematode was established. Seedlings of tomato plants were 
transplanted in clay pots (30cm diam.) containing autoclaved soil. Single egg 
mass of the nematode M javanica obtained from the roots of the plants were 
added in each pot near the roots of the seedlings. The pots were kept in 
glasshouse at 27 °C (±2 °C). Subculturing was done approximately at every 3 
months by inoculating new tomato seedlings with at least 15 egg masses, each 
obtained from a single eggmass culture in order to maintain sufficient inoculum 
for ftirther experimental studies. 
^ ^ 
Preparation of inoculum and inoculation 
Second stage juveniles (J2) of the nematode used as inoculum in the study. 
Second stage juveniles were obtained by incubating egg masses collected from 
the roots of tomato plants maintaining single egg mass culture of M. javanica. 
Egg masses were incubated in coarse sieve fitted with double layered tissue 
paper and placed on Baerman funnel containing water. The sieves were then 
placed in an incubator (temp. 25 °C). After 72h, number of hatched juveniles (J2) 
were collected in a beaker and number of juveniles per ml was standardized by 
counting the juveniles from ten, 1ml samples. Average number of juveniles was 
then calculated to represent the number of juveniles per ml of the suspension. 
For inoculation, the suspension containing J2 was taken in micropipette 
controller and added near the roots of the seedlings. The holes were covered with 
soil after inoculation. Nematode inoculation density consisted of uniform 
quantity of suspension containing either 0, 250, 500, 1000, 2000, 4000 and 8000 
freshly hatched second stage juveniles (JzVpot. 
Preparation of inoculum of the AM fungus 
Glomus fasciculatum (Nicol & Gerd) Gerdemann and Trappe, inoculum 
was maintained and multiplied on Rhodes grass {Chloris gayand). 
Inoculation 
For inoculation, inoculum of G. fasciculatum for each pot consisted of 
uniform quantity of suspension containing 0, 150, 300, 600, 1200 and 2400 
chlamydospores which were retrieved fi-om the soil using wet-sieving and 
decanting technique (Gerdemann and Nicolson, 1963) and were placed just 3cm 
below the soil surface. 
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Six levels of G. fasciculatum and seven levels of Meloidogyne javanica 
were used in combination for their effect on plant growth and on each other 
(Table 14). The chlamydospores number as given constituted the levels of G. 
fasciculatum (designed as GFQ, GFi, GF2, GF3, GF4 and GF5). Similarly freshly 
hatched second stage juveniles numbering as above constituted M. javanica 
levels (designated as MJQ, MJi, MJ2, MJ3, MJ4, MJ5 and MJ6). The treatments 
were replicated five times, arranged in a completely randomized block design 
and maintained in a glasshouse at 28-35 °C. The plants were harvested at 60 
days after inoculation and all the parameters studied in section-II along with the 
following additional parameters viz.,nutrient status of plant nematode population 
(both in soil and root), number of galls/root system, number of egg masses/root 
system, number of eggs/egg mass (fecundity). Data were analysed statistically 
using analysis of variance in factorial design as mentioned by Fisher (1950) and 
L.S.D. was calculated at P = 0.05. 
Plant growth 
Plant growth mycorrization parameters and chemical parameters were 
studied by the methods mentioned in Section-II. 
Galls and egg masses 
At termination of the experiment, roots of harvested plants were washed 
under the tap and examined for the presence of galls. Number of galls per root 
system was counted. Roots were immersed in a aqueous solution of Phloxin B 
(0.15 g/lit tap water) for 15 minutes to stain the egg masses. Egg masses per root 
system were counted (Taylor and Sasser, 1978). 
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Fecundity 
The number of eggs per egg mass is known as fecundity. It was measured 
by shaking vigorously 10 egg masses in 5.25% NaOCl solution. The eggs were 
separated from egg mass and collected over 500 mesh sieve. From the sieve, 
eggs were transferred into a beaker and 0.35% acid fuchsin (in 25% lactic acid) 
was added into 20 to 25ml of suspension with boiling for 1 minute for staining 
the eggs. After cooling, the eggs were counted and the eggs per egg mass were 
calculated to find out the fecundity. 
Nematode population 
For estimating root population of nematodes (J2 + J3 + J4+ mature 
females), root from each replicate was weighed and cut into 1cm length. One 
gram of root pieces was stained with acid fiichsin and lactophenol (Byrd et al, 
1983). The root pieces were placed between two slides, examined under 
stereoscopic microscope and number of J2 + J3 + J4 counted. Then total number 
of J2 + J3 + J4 for the whole root system of the replicate was calculated. For 
counting the number of females, Ig of root pieces were transferred in 5% HNO3 
and incubated at 25 °C. After 72 h, root pieces were gently teased to release the 
females. The number of females/g of root was counted and total number of 
females for the whole root system was calculated (Hussey and Barker, 1973). 
The means of replicates were then calculated. 
The eggs were extracted from the root of each treatment separately by 
Chlorox method of Hussey and Barker (1973). Roots from each treatment were 
cut into 1-2 cm pieces. One gram of the root pieces were shaken vigorously in 
200ml of 1.0% NaOCl solution for 1 to 4 minutes. Then NaOCl solution was 
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passed through a 200 mesh sieve, rested over a 500 mesh sieve to collect free 
eggs. After this 500 mesh sieve with eggs was placed under a stream of cold 
water to remove residual NaOCl (rinsed for several minutes). The rinsed roots 
were put under water to remove additional eggs and were collected by sieving. 
The number of eggs was then counted in counting dish under stereoscopic 
microscope. The total number of eggs was calculated by multiplying the number 
with the fresh weight of the root in the treatment. Soil population (J2 + male) of 
the nematode was estimated by modified Cobb's sieving and decanting 
technique (Southey, 1986). 
Nutrient Status 
Plant samples of each treatment from the glasshouse experiment were 
processed for estimating nitrogen (N), phosphorus (P), and potassium (K) 
contents of leaves. 
Estimation of Nitrogen, Phosphorus and Potassium 
For estimation of nitrogen, phosphorus and potassium in plant materials 
(leaves) from each treatment, samples were digested in the following way. 
Estimation were done from the mixed powder of plants of various treatments, in 
a given experiment. Hundred mg of oven dried powder of the leaves from each 
treatment was transferred separately in a 50ml Kjeldahl flask, then 2ml of 
chemically pure H2SO4 was added and flask was heated on Kjeldahl assembly 
for about 2h, till dense frimes were given off and the contents turned black. Then 
0.5ml of pure 30% H2O2 was added after 15min of cooling. Heating was 
continued till the colour changed to light yellow. Extract was heated again for 
half an hour and cooled for 10 min. for getting it clear and then 3-4 drops of 30% 
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H2O2 was added drop wise followed by heating for 15 minutes. After that, the 
digested material was transferred in 100ml volumetric flasks with 3-4 washing 
and volume was made upto capacity. This digested material was used for 
estimating N, P and K (Linder, 1944; Lundegardh, 1951). 
Nitrogen 
Prior to estimating nitrogen present in the digested plant material, 
standard curve was prepared by the following method. 
Nitrogen standard curve 
Different dilutions in 10 test tubes (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 
and 1.0ml) were made from the solution prepared by dissolving 0.236 g of 
ammonium sulphate in 100ml of distilled water. The volume was then made 
upto 5 ml in each test tube by adding distilled water. A control was also run side 
by side. After that 0.5ml Nessler's reagent was added followed by 5ml of 
distilled water. Per cent transmittance was read at 525nm from 
spectrophotometer on developing yellow orange colour after half an hour. Then 
a curve was drawn between concentration in X axis and O.D. obtained in Y axis. 
Estimation of N in plant material 
An aliquot of 10 ml was transferred to 100 ml volumetric flask to which 
1ml f 2.5 N NaOH was added so as to neutralize the excess of acid. 1ml of 10% 
sodium silicate was added to prevent turbidity. The volume was made upto 
capacity with distilled water. 5 ml of aliquot was taken in three test tubes 
followed by the addition of 0.5 ml of Nessler's reagent with shaking. Then 10ml 
volume was made by adding distilled water. After waiting for 5 min, the per cent 
transmittance was red at 525 nm. The concentration was read with the help of 
0.0 from standard curve (Linder, 1944). 
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Phosphorus standard curve 
Different dilutions of potassium dihydrogen orthophosphate (KH2PO4) 
viz. 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml concentrations were taken 
in separate test tubes and final volume was made upto 5 ml by adding required 
amount of distilled water. One ml of ammonium molybdic acid and 0.4 ml of 1-
amino 2-naphthol 4-sulphonic acid were added in each test tube and the volume 
was made upto 10ml with distilled water. After half an hour, the per cent 
transmittance was red at 625 nm. Standard curve was drawn between 
concentration and O.D. in X and Y axis respectively. 
Estimation of P in plant materials 
Five ml of aliquot of digested plant material was taken in three test tubes, 
to which 5ml of distilled water was added. After that 1ml of ammonium 
molybdic acid was added, with shaking, followed by addition of 0.4ml of 1-
amino 2-napthol 4-sulphuric acid and the volume was made upto 10ml. The 
control was run side by side and per cent transmittance was read at 625nm after 
half an hour. The P concentrations in plant materials was calculated from the 
standard graph using O.D. (Fiske and Row, 1925). 
Potassium standard curve 
Potassium was estimated using flame photometer. Different dilutions of 
potassium chloride viz., 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ppm were prepared by 
dissolving 91mg of oven dried KCl in 100ml of distilled water and diluting 0, 1, 
2, 3, 4, 5, 6, 7, 8, 9 and 10ml of the stock solution to 100ml. The flame 
photometer was calibrated to zero using distilled water and to 100 using lOppm 
KCl solution and readings for other standard solutions were taken. A standard 
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graph was drawn taking concentration in X axis and reading obtained from the 
flame photometer in Y axis. 
Estimation of K in plant materials 
The digested plant materials were diluted with distilled water so as to 
maintain the K concentration in the final solution ranged between 2 to 8ppm and 
the reading was taken in the flame photometer and with the help of the standard 
graph, the concentration of K in plant material was calculated. 
RESULT 
Plant length 
The individual and combined effect of root-knot nematode, Meloidogyne 
javanica and AM fiingus Glomus fasciculatum on plant length of tomato was 
studied at different inoculum levels of the nematode (0, 250, 500, 1000, 2000, 
4000 and 8000/plant) and the mycorrhizal fiingal spores (0, 150, 300, 600, 1200 
and 2400 spores/plant). The nematode caused adverse effect on length of the 
plants, while the AM fungus promoted it when inoculated individually. The 
adverse effect of the nematode was mitigated by the AM fungus in the 
concomitant inoculation (Table 15). The introduction of AM fungal spores 
reduced the deleterious effect of the nematode at all population levels studied 
from 250 to 8000 J2/plants, which was directly proportional to the AM fungal 
spores/plant. The reduction in shoot length was found minimum (3.12%) in 
those plants inoculated with 250 nematodes, while the reduction was 37.21% at 
4000 J2/plant. At the same levels of the nematode, the addition of AM spores 
(1200/plant), shoot length increased significantly by 3.09% and 11.57% as 
compared to control. Further addition of spores did not bring about any 
significant increase in shoot lengths. 
Table 15. Interactive effect of spore density of mycorrhizal fungus, Glomus 
fasciculatum and different inoculum levels of root-knot nematode, 
Meloidogyne javanica on the length of tomato plant. 
Spore 
density 
(No./ 
pot) 
Shoot length (cm) 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 35.20 34.10 31.20 26.20 25.10 22.10 20.20 27.73 
150 38.30 37.20 34.20 32.60 31.00 29.80 27.60 32.96 
300 42.20 40.80 38.40 37.80 32.70 31.50 30.10 36.21 
600 44.10 41.80 40.50 39.10 37.20 32.60 31.50 38.11 
1200 48.40 46.90 45.50 44.90 44.00 42.80 40.70 44.74 
2400 49.70 A12Q 46.90 46.00 45.10 44.30 43.60 46.11 
Mean 42.98 41.33 39.45 37.77 35.85 33.85 32.28 
L.S.D. 
at 5% 
G.fascici 
1.0 
latum = 
21 
M. javanica = 
0.945 
Interaction = 
2.501 
Spore 
density 
(No./pot) 
Root length (cm) 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 17.90 17.00 16.90 15.60 15.00 14.30 13.80 15.79 
150 18.10 17.20 17.00 16.40 15.90 14.80 14.00 16.20 
300 19.00 18.10 17.40 17.20 16.40 15.90 14.90 16.99 
600 20.50 18.90 18.40 17.90 17.10 16.60 15.20 17.80 
1200 22.80 21.70 21.00 20.80 19.20 17.40 16.30 19.89 
2400 23.90 22.40 22.00 21.80 19.90 19.40 18.20 21.09 
Mean 20.37 19.22 18.78 18.28 17.25 16.40 15.40 
L.S.D. at 
5% 
G. fasciculatum = 
0.483 
M. javanica = 
0.447 
Interaction = 
NS 
Spore 
density 
(No./pot) 
Total length (cm) 
Nematode inoculum densil ty(J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 54.00 51.00 48.40 40.60 39.80 38.20 35.90 43.99 
150 56.00 54.80 51.60 48.00 45.20 42.80 41.90 48.61 
300 57.40 58.00 56.70 55.40 50.70 46.50 42.40 52.44 
600 64.60 63.50 62.10 61.40 56.90 56.20 54.50 59.89 
1200 69.20 68.40 67.80 66.90 65.20 64.40 63.20 66.44 
2400 71.20 70.10 69.90 67.00 66.90 65.80 64.20 67.87 
Mean 62.07 60.97 59.42 56.55 54.12 52.32 50.35 
L.S.D. at 
5% 
G. fasciculatum = 
1.529 
M. javanica = 
1.415 
Interaction= 
3.744 
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Similar trend was observed for root length and total plant length, the 
maximum reduction was observed at the inoculum level of 8000 juveniles, 
resulting the reduction of 28.5% in root length. This reduction was further 
checked by inoculation of 1200 spores/.plant but on the other hand also 
improved the plant length. The same inoculum level of fungal spores reduced the 
impact of 8000 juveniles of M javanica inoculated plants. 
Plant fresh weight 
The results of interactive effects of M. javanica and G. fasciculatum on 
the fresh weight of tomato plants are presented in table 16. Fresh weight of shoot 
gradually decreased with an increase in the number of second stage juveniles per 
plant. No significant reduction in fresh weight of shoot was observed at 
minimum inoculum level as compared to control, but it became significant when 
the nematode number was increased to higher inoculum levels. Maximum 
reduction in the fresh weight of shoot 20.8% was noted at inoculum level of 
8000 juveniles/plant. Effect of G. fasciculatum on the other hand, was found to 
be positive with the increasing number of spores, although it was not significant 
at 150 level. Highest improvement 68.37% was recorded at 2400 inoculum level, 
but it did not vary significantly from that obtained at 1200 level. 
More or less similar trends were obtained with the fresh weight of root as 
well the total fresh weight of the tomato plant. G. fasciculatum promoted the 
root as well as total fresh weight at all the spore levels i.e. from 150 to 
2400/plant. The root and total fresh weight were marginally reduced by M. 
javanica at minimum level and the reduction increased with higher inoculum 
levels. Maximum reduction was obtained with 8000 juveniles which was closely 
Table 16. Interactive effect of spore density of mycorrhizal fungus, Glomus 
fasciculatum and different inoculum levels of root-knot nematode, 
Meloidogyne javanica on the fresh weight of tomato plant. 
Spore 
density 
(No./pot) 
Shoot fresh weight (g/plant) 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 23.4 23.2 22.3 21.5 20.8 19.7 18.7 21.4 
150 25.3 24.9 23.1 21.9 21.2 20.8 18.9 22.3 
300 30.1 28.7 28.0 26.8 24.3 23.5 22.4 26.3 
600 33.4 32.1 31.7 30.6 27.7 26.4 25.3 29.6 
1200 38.6 37.2 36.1 35.5 34.9 34.4 33.0 35.7 
2400 39.4 38.5 37.0 36.8 36.4 36.0 35.5 37.1 
Mean 31.7 30.8 29.7 28.9 27.6 26.8 25.6 
L.S.D. at 
5% 
G. fasciculatum = 
0.783 
M. javanica= 
0.725 
Interaction= 
NS 
Spore 
density 
(No./pot) 
Root fresh weight (g/plant) 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 7.6 7.4 6.6 6.1 5.4 4.8 4.1 6.0 
150 9.9 8.6 8.1 7.8 6.9 4.9 4.2 7.2 
300 11.0 10.8 9.5 8.8 7.8 6.9 6.0 8.7 
600 13.2 11.4 10.9 10.2 9.4 8.7 7.2 10.1 
1200 15.3 13.5 12.4 11.6 10.7 10.5 9.1 11.9 
2400 16.1 14.7 13.9 12.1 11.9 11.4 10.0 12.9 
Mean 12.2 11.1 10.2 9.4 8.7 7.9 6.8 
L.S.D. at 
5% 
G. fasciculatum = 
0.269 
M.javanica= 
0.249 
Interaction= 
0.660 
Spore 
density 
(No./pot) 
Total fresh weight (g/plant) 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 32.5 30.8 29.8 25.8 24.6 22.5 22.1 26.8 
150 34.2 33.6 30.4 28.4 26.5 23.9 23.7 28.6 
300 40.1 39.3 37.5 35.4 33.5 29.1 26.2 34.4 
600 46.1 43.6 42.6 41.3 37.6 36.5 34.2 40.3 
1200 50.8 51.3 48.7 46.8 45.6 44.8 43.1 47.3 
2400 53.6 52.4 51.4 50.1 49.5 46.4 45.2 49.8 
Mean 42.9 41.8 40.1 38.0 36.2 33.9 32.4 
L.S.D. at 
5% 
G. fasciculatum = 
1.046 
M javanica = 
0.969 
Interaction= 
2.562 
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followed by that achieved at 4000 juveniles per plant. However, the introduction 
of AM fungus checked the adverse effect of M. javanica in all the plants in 
concomitant inoculation and improved the plants fresh weight accordingly. 
Plant dry weight 
The data on shoot, root and total dry weights are presented in table 17. 
Inoculation of M javanica caused significant reduction in the dry weights of 
tomato plants. However, the reduction was not significant at inoculum level of 
250 juveniles/plant, the higher inoculum levels caused significant reduction in 
dry weights. Glomus fasciculatum produced beneficial effects by promoting 
plant dry weight. Dry weights were significantly enhanced as the spore number 
increased from 150 to 2400 plants inoculated with 1200 and 2400 spore/plant did 
not show any significant difference. In the combined inoculated plants, the 
interactive effect was found to be consistent as it happened in case of other 
parameters. The maximum reduction in dry weights caused by M javanica 
amounted to 38.09% , 34.84% and 39.59% respectively in shoot, root and total 
dry weights of tomato plants at the population levels of 8000 juveniles per plant. 
This reduction was totally overcome by the introduction of 2400 spores of G. 
fasciculatum per plant which resulted an improvement 84.57%, 57.01% and 
65.1% in case of shoot, root and total dry weights. 
Nutrient status 
The result presented in table 18 clearly reveals that the root-knot 
nematode, M. javanica significantly reduced the N, P and K contents of the 
plants at different inoculum levels, but this variation in nutrient contents was not 
found significant at minimum inoculum level (250 J2/plant). However, higher 
Table 17. Interactive effect of spore density of mycorrhizal fungus, Glomus 
fasciculatum and different inoculum levels of root-knot nematode, 
Meloidogyne javanica on the dry weight of tomato plant. 
Spore 
density 
(No./pot) 
Shoot dry weight (g/plant) 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 5.25 5.13 4.43 4.15 3.78 3.54 3.25 4.21 
150 5.46 5.18 4.70 4.60 4.12 3.92 3.46 4.49 
300 6.89 6.42 6.32 6.01 5.14 4.95 4.14 5.70 
600 7.94 7.37 7.10 7.01 6.14 5.83 5.21 6.66 
1200 8.57 8.43 8.26 7.95 7.76 6.74 6.24 7.71 
2400 9.69 9.23 8.55 8.14 7.81 6.83 6.72 8.14 
Mean 7.30 6.96 6.56 6.31 5.79 5.30 4.84 
L.S.D. at 
5% 
G. fasciculatum = 
0.172 
M. javanica = 
0.159 
Interaction = 
0.421 
Spore 
density 
(No./pot) 
Root dry wei ght (g/plant) 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 2.21 2.18 1.90 1.70 1.64 1.52 1.44 1.80 
150 2.39 2.34 2.14 1.83 1.73 1.70 1.59 1.96 
300 2.67 2.59 2.56 2.26 2.20 1.87 1.70 2.26 
600 3.14 2.94 2.84 2.59 2.53 2.28 2.19 2.64 
1200 3.36 3.28 3.24 3.20 3.14 2.30 2.29 2.97 
2400 3.47 3.31 3.34 3.30 3.28 2.91 2.34 3.14 
Mean 2.87 2.77 2.67 2.48 2.41 2.10 1.93 
L.S.D. at 
5% 
G. fasciculatum = 
0.068 
M. javanica = 
0.063 
Interaction = 
0.167 
Spore 
density 
(No./pot) 
Total dry weight (g/plant) 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 7.45 7.30 6.77 5.86 5.30 4.70 4.50 5.98 
150 7.81 7.67 7.14 6.43 5.84 5.80 5.70 6.63 
300 9.25 9.20 8.80 8.70 7.08 6.54 6.14 7.96 
600 10.19 10.13 9.94 9.41 8.78 8.00 7.49 9.13 
1200 ' 12.13 11.90 11.23 11.20 10.60 10.18 10.11 11.05 
2400 12.30 12.28 12.14 11.94 11.19 10.69 10.41 11.56 
Mean 9.86 9.74 9.33 8.92 8.13 7.65 7.39 
L.S.D. at 
5% 
G. fasciculatum = 
0.241 
M. javanica = 
0.223 
Interaction = 
0.591 
Table 18. Interactive effect of spore density of mycorrhizal fungus, Glomus 
fasciculatum and different inoculum levels of root-knot nematode, 
Meloidogyne javanica on nutrient status of tomato plant. 
Spore 
density 
(No./pot) 
Nitrogen content 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 1.89 1.82 1.80 1.75 1.69 1.64 1.59 1.74 
150 2.18 2.15 1.98 1.94 1.85 1.83 1.62 1.94 
300 2.25 2.20 2.14 1.96 1.89 1.88 1.80 2.01 
600 2.34 2.31 2.27 2.21 2.18 2.14 2.10 2.22 
1200 2.38 2.35 2.30 2.26 2.20 2.17 2.13 2.26 
2400 2.50 2.41 2.36 2.31 2.23 2.20 2.18 2.31 
Mean 2.26 2.21 2.14 2.07 2.01 1.98 1.90 
L.S.D. at 
5% 
G. fasciculatum = 
0.056 
M. javanica = 
0.052 
Interaction = 
NS 
Spore 
density 
(No./pot) 
Phosphorus content 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0.264 0.250 0.248 0.246 0.240 0.236 0.230 0.245 
150 0.271 0.270 0.269 0.258 0.253 0.242 0.239 0.257 
300 0.342 0.294 0.283 0.280 0.277 0.264 0.254 0.285 
600 0.384 0.342 0.331 0.327 0.296 0.293 0.280 0.322 
1200 0.394 0.374 0.370 0.331 0.329 0.314 0.310 0.346 
2400 0.399 0.384 0.378 0.351 0.342 0.331 0.328 0.359 
Mean 0.342 0.319 0.313 0.299 0.290 0.280 0.274 
L.S.D. at 
5% 
G. fasciculatum = 
0.008 
M. javanica = 
0.008 
Interaction = 
0.020 
Spore 
density 
(No./pot) 
Potassium content 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 1.59 1.53 1.50 1.45 1.41 1.38 1.31 1.45 
150 1.70 1.67 1.60 1.57 1.52 1.46 1.42 1.56 
300 1.89 1.87 1.79 1.77 1.68 1.60 1.50 1.73 
600 2.13 1.99 1.97 1.90 1.87 1.84 1.78 1.93 
1200 2.20 2.15 2.11 2.01 1.98 1.94 1.90 2.04 
2400 2.25 2.19 2.13 2.10 2.07 2.00 1.98 2.10 
Mean 1.96 1.90 1.85 1.80 1.76 1.70 1.65 
L.S.D. at 
5% 
G. fasciculatum = 
0.048 
M. javanica = 
0.045 
Interaction = 
NS 
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nematode inoculum caused significant reduction in the N, P and K contents of 
the plants with the maximum reductions 15.8%, 12.8% and 17.6% respectively 
occurring at 8000 inoculum level. Significant improvement in all the three 
contents was observed when plants were inoculated with different number of 
spores of G. fasciculatum. Addition of 2400 spores/plant recorded highest 
improvement 32.2%, 51.1% and 41.5% in N, P and K contents of tomato plants 
(Table 18). 
Mycorrhization 
The results presented in Table 19 clearly reveal the antagonistic effect of 
root-knot nematode (M. javanica) against mycorrhization caused by G. 
fascicultum in tomato. G. fasciculatum extensively colonized the tomato plants 
in the absence of M javanica. The external colonization percentage increased 
significantly with the increasing number of spores/plant. In their concomitant 
inoculation, increasing inoculum density of the nematode proportionately 
affected the mycorrhization resulting an appreciable reduction in the external 
colonization. The colonization rate declined to 81.4% from 27,6% at the spore 
level of 150/plant. With the increasing spore concentration from 150 to 
2400/plant, the per cent colonization increased to 66.2% at the level of 250 J2. 
Similarly at all the levels of nematode inoculum density the raising 
concentration of spore/plant resulted higher percentage of external colonization 
(Table 19). 
The internal colonization, the development of arbuscules, the number of 
chlamydospores/cm root and the number of chlamydospores/lOOg rhizosphere 
soil followed the same trend of results as that of external colonization 
(Table 19). 
Table 19. Interactive effect of spore density of mycorrhizal fungus, Glomus 
fasciculatum and different inoculum levels of root-knot nematode, 
Meloidogyne javanica on mycorrhization in tomato plant. 
Spore 
density 
(No./pot) 
External colonization (%) 
Nematode inoculum density (Ji) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
150 27.6 27.5 26.3 25.6 22.7 18.9 18.4 23.9 
300 38.6 37.5 36.7 35.2 27.7 26.8 21.6 32.0 
600 49.5 48.9 46.3 44.8 43.7 40.6 32.6 43.8 
1200 62.8 60.8 58.1 57.8 56.9 53.2 47.7 56.8 
2400 68.5 66.2 65.9 65.3 63.5 61.6 53.1 63.4 
Mean 41.2 40.2 38.9 38.1 35.8 33.5 28.9 
L.S.D. at 
5% 
G. fasciculatum = 
1.167 
M. javanica = 
1.081 
Interaction = 
2.859 
Spore 
density 
(No./pot) 
Internal colonization (%) 
Nematode inocu urn density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
150 35.6 33.6 32.1 27.6 26.4 25.4 24.9 29.4 
300 46.8 45.6 43.2 39.4 34.6 32.6 29.5 38.8 
600 47.6 46.5 44.2 42.1 38.5 37.1 34.9 41.5 
1200 54.5 53.8 50.5 50.1 43.1 42.2 36.0 47.1 
2400 56.7 54.7 52.2 50.7 48.1 42.9 40.2 49.4 
Mean 40.2 39.0 37.0 35.0 31.8 30.0 27.6 
L.S.D. at 
5% 
G. fasciculatum = 
1.045 
M. javanica = 
0.968 
Interaction = 
2.560 
Spore 
density 
(No./pot) 
Per cent arbuscules 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
150 30.4 27.8 24.2 22.0 20.1 19.3 17.6 23.1 
300 37.6 36.4 34.5 32.6 31.5 30.5 29.5 33.2 
600 38.9 38.7 37.0 34.2 33.1 31.2 30.1 34.7 
1200 41.8 40.7 38.1 37.9 36.2 35.4 32.1 37.5 
2400 43.7 42.0 41.6 40.9 40.7 39.7 38.9 41.1 
Mean 32.1 30.9 29.2 27.9 26.9 26.0 24.7 
L.S.D. at 
5% 
G. fasciculatum = 
0.860 
M, javanica = 
0.796 
Interaction = 
2.107 
Spore 
density 
(No./pot) 
Number of chlamydospores/cm root 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
150 21.8 20.7 19.6 18.4 17.6 16.1 15.1 18.5 
300 22.6 21.4 20.1 19.2 18.1 17.2 17.1 19.4 
600 23.4 22.1 20.2 19.5 18.6 18.4 18.0 20.0 
1200 25.6 24.2 23.2 21.3 20.4 19.2 18.3 21.7 
2400 26.7 25.3 24.3 22.5 21.2 20.1 20.0 22.9 
Mean 20.0 19.0 17.9 16.8 16.0 15.1 14.7 
L.S.D. 
at 5% 
G.fasciculatum = 
0.510 
M.javanica = 
0.472 
Interaction = 
1.249 
Spore 
density 
(No./pot) 
] Vumber of chlamydospores/lOOg soil 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0 0 0 0 0 0 0 0 
150 672 661 654 614 519 435 319 553 
300 692 683 672 620 528 512 427 590 
600 738 719 673 642 580 513 449 616 
1200 753 726 691 649 583 518 482 628 
2400 762 751 742 712 701 534 513 674 
Mean 603 590 572 540 485 419 365 
L.S.D. at 
5% 
G.fasciculatum = 
15.463 
M.javanica = 
14.316 
Interaction = 
37.876 
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Root-knot development 
The positive effect of G. fasciculatum on the growth and development of 
M. javanica has been studied in terms of different parameters of root-knot 
development. Population of the nematode in soil increased significantly with the 
increase in number of inoculum juveniles. In concomitant inoculation, the 
nematode population decreased significantly as compared to control (Table 20). 
Root population of the nematode was suppressed significantly by G. 
fasciculatum. The reduction was directly proportional to the spore concentration 
upto 1200 spore level, but at 2400 level there was no appreciable difference in 
the nematode population as compared to the one produced by 1200 spore level. 
The root population of nematode in general, increased significantly with the 
increased number of inoculum level (Table 20). 
The number of egg masses per root system increased with increasing 
inoculum level of M. javanica but decreased in all the treatments supplied with 
G. fasciculatum. Increasing spore concentration of G. fasciculatum significantly 
reduced the number of egg masses per root system. The number of egg masses 
per root system as reduced with increasing spore concentration of G. 
fasciculatum. Higher inoculum level recorded the maximum reduction 
(Table 20). 
Fecundity of the nematode increased at different inoculum levels of M. 
javanica. Treatment with inoculum level of 4000 and 8000 Ji/plant had 
significantly more eggs/egg mass than other inoculum levels. Fecundity was 
reduced at different spore levels of G. fasciculatum. Inoculation of G. 
fasciculatum at the rate of 150 spores per plant caused insignificant reduction in 
Table 20. Interactive effect of spore density of mycorrhizal fungus, Glomus 
fasciculatum and different inoculum levels of root-knot nematode, 
Meloidogyne javanica on the root-knot development in tomato plant. 
Spore 
density 
(No./pot) 
Nematode population in soil 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0 1174 4112 6821 14231 15284 17855 8497 
150 0 1043 3654 6407 9511 14337 15248 7171 
300 0 1040 3514 5721 8367 13452 14560 6665 
600 0 897 3421 5333 7596 12274 13532 6150 
1200 0 844 2847 4625 7366 10264 11226 5310 
2400 0 812 1972 4224 6867 8748 9575 4600 
Mean 0 968 3253 5522 8990 12393 13666 
L.S.D. at 
5% 
G. fasciculatum = 
240.479 
M. javanica = 
222.640 
Interaction = 
589.051 
Spore 
density 
(No./pot) 
Nematode population/ g root 
Nematode inocu um densi ty(J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0 38 65 124 178 215 238 123 
150 0 30 57 97 151 189 212 105 
300 0 21 47 55 89 114 116 64 
600 0 11 36 43 72 84 96 49 
1200 0 7 17 27 48 54 56 30 
2400 0 4 12 17 36 46 50 24 
Mean 0 19 39 61 96 117 128 
L.S.D. at 
5% 
G. fasciculatum = 
2.675 
M. javanica = 
2.477 
Interact! 
6.5 
on = 
53 
Spore 
density 
(No./pot) 
Number of egg masses/ root system 
Nematode inoculum densi ty(J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0 17 27 46 67 86 96 48 
150 0 16 25 27 41 48 61 31 
300 0 10 14 15 34 44 55 25 
600 0 7 10 12 14 28 50 17 
1200 0 4 6 7 11 22 24 11 
2400 0 2 3 6 10 16 19 8 
Mean 0 9 14 19 30 41 51 
L.S.D. at 
5% 
G. fasciculatum = 
0.978 
M. javanica = 
0.906 
Interaction = 
2.396 
Spore 
density 
(No./pot) 
Number of eggs / egg mass 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0 73 87 94 111 120 124 87 
150 0 64 80 87 98 101 117 78 
300 0 60 64 74 85 89 94 67 
600 0 52 62 70 74 79 80 60 
1200 0 43 57 64 66 71 72 53 
2400 0 41 55 60 64 69 70 51 
Mean 0 56 68 75 83 88 93 
L.S.D. at 
5% 
G.fasciculatum 
= 1.979 
M.javanica = 
1.832 
Interaction = 
4.847 
Spore 
density 
(No./pot) 
Number of galls / root system 
Nematode inocu um density (J2) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0 107 114 151 185 240 257 151 
150 0 64 92 94 160 216 221 121 
300 0 52 54 62 100 162 174 86 
600 0 29 46 50 64 130 134 65 
1200 0 9 23 26 38 69 88 36 
2400 0 5 12 24 29 55 60 26 
Mean 0 44 57 68 96 145 156 
L.S.D. at 
5% 
G.fasciculatum = 
3.132 
M. javanica = 
2.900 
Interaction = 
7.673 
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the fecundity of nematode. However, the higher spore inoculum of the AM 
fungus resuhed insignificant reduction in the fecundity with the maximum 
occurring at 2400 spore level (Table 20). 
The number of galls per root system depicted a similar tren^ -^a* ^^daf,. 
other parameters of root-knot development (Table 20). / * " ^ / "^ ^ ^  
DISCUSSION W C / 
Interaction between G. fasciculatum and Meloidogyne javdni<M^*^flS^^^ ^  
studied at multiple inoculum levels. Usefulness of AM fungi for plant growth 
has been reported time and again by many workers (Hasan et al, 2003; Jothi and 
Sundarababu, 2000,2002; Caravaca et al, 2006). In the present study, AM 
fungus, Glomus fasciculatum was found to be beneficial for the growth and 
development of tomato var. Pusa Ruby. G. fasciculatum resulted an increase in 
length, fresh weight and dry weight of the plant. The increase in these growth 
parameters was higher in plants inoculated with higher inoculum levels of G. 
fasciculatum. However, increase in inoculum level from 1200 to 2400 spores 
didnt result with corresponding increase in the value of many of the growth 
parameters studied. There are several reports of the positive effect of AM fungi 
inoculation (Hasan et al, 2003; Jothi and Sundarababu, 2000; Caravaca et al, 
2000; Akhtar and Siddiqui,2010) 
The improvement in plant growth characteristics in mycorrhizal plants 
compared to control indicates the existence of complex beneficial physiological 
and biochemical relationship between G. fasciculatum and tomato. AM fiingi 
have been reported to alter the physiology of roots of their hosts (Graham et al, 
1981), causing changes in phytohormone levels (Allen et al, 1980) and 
photosynthetic rates (Allen et al, 1981). 
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The increase in N, P and K contents of tomato plants due to G. 
fasciculatum inoculation indicates that the native isolates of AM fungi improve 
the absorption of nutrient by host plants. This supports earlier findings that 
mycorrhizal infection can cause a beneficial physiological effect on host plants 
by increasing uptake of soil phosphorus (Gerdemann, 1968, 1975) and also help 
in the transport of P in cowpea (Manjunath and Bagyaraj, 1984). Improved 
nutrient status in the mycorrhizal plants resuhed in increased biomass production 
and growth potential (Widada et al., 2002; Caravaca et al, 2006). The tomato 
plants treated with G. fasciculatum exhibiting well developed mycorrhizal 
colonization support the view that increased absorptive surface area contributed 
by the soil mycelium allows phosphorus uptake from a much greater soil volume 
(Tinker, 1975; Rhodes and Gerdemann, 1978) and the host growth is frequently 
enhanced particularly in P deficient soils (Mosse, 1973) together with enhanced 
uptake of other elements like Zn, S, Mn, Ca etc. (Mosse, 1981). Mycorrhizal 
infection has been shown to effect rhizosphere population (Ames et al, 1984; 
Meyer and Lindermann, 1986). 
Generally, the severity of nematode disease is reduced in mycorrhizal 
plants (Saleh and Sikora, 1984; Cooper and Grandison, 1986). In the present 
study, the harmfiil effect of M. javanica on tomato plants was reduced 
considerably by the presence of G. fasciculatum. The reduction in the severity of 
the disease was greatest when higher inoculum levels of G. fasciculatum were 
applied. In several studies, AM fungi have exhibited antagonistic influence on 
the population of plant-parasitic nematodes (Grandison and Copper, 1986; 
Kellam and Schenck, 1980; Hussey and Roncadori, 1978; Dong and Zhang, 
2006; Mukerji and Ciancio, 2007; Harrier and Watson, 2004; Elsen et al., 2008). 
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Present study indicated that the presence of G. fasciculatum resulted decreased 
population of M javanica. The establishment of arbuscular mycorrhiza in plants 
usually confers resistance to nematode parasitism (Smith et al., 1986a,b; Hussey 
and Roncadori, 1978). Such findings confirm the present study where length, 
fresh weight, dry weight as well as nutrient status of nematode infected plants 
was improved by the presence of G. fasciculatum. Obviously, there was a 
reduction in the severity of the disease in the presence of G. fasciculatum. In the 
present study, low number of nematodes in root, eggs and egg masses and galls 
per root system were observed in plants treated with G. fascicultum. AM fungal 
colonized roots have been found to be less penetrated by the nematode and have 
also proved to be unfavourable sites for gall formation. Decreased larval 
penetration, retarded nematode development in mycorrhizal roots and the 
adverse effect of AM fungi on nematode reproduction was also observed by 
Sitaramaiah and Sikora, 1981; Mac-Guidwin et al., 1985; Osman et al., 1990; 
Ahmed and Al-Sayed, 1991 and Shankaranarayanan and Sundarababu, 1994. 
Application of M Javanica decreased the mycorrhizal infection and 
sporulation of G. fasciculatum, though the mycorrhization increased with the 
increase in G. fasciculatum inoculum levels. High population of either of these 
organisms resulted low population of the other. Bird (1974), Rich and Bird 
(1974), Schenck and Kinloch (1974) and Lindermann (1985) also obtained 
similar results in the field observations relating the positive effect of mycorrhizal 
fungi to the incidence of endoparasitic nematodes. 
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